








March 1952 


io 
pe 
Ee 
— 
Ww 
Z 
uJ 
a 
uJ 
ac 
U 
ys 
O 
U 
7 
< 
VL 
[a"4 
Ww 
= 
< 
a 
= 
xe) 
— 
< 
rd 
jo" 
ow” 
O 


VOL.23 No. 7 






































Underwater section of PRE- 
PAKT H-Pile pier under con- 
struction. The H-piles are in 
position and the form is 
filled with coarse aggregate 
ready for Intrusion grouting. 





General view of piers for the Stave River Bridge, Vancouver, B. C., 
showing temporary bridging between new piers, which permitted 
direct dumping of coarse aggregate into pier forms. 


INTRUSION-PREPAKT 
MEANS STRENGTH - SPEED - ECONOMY 


Prepakt methods and materials produce superior 
results in the construction of bridge piers and other 
concrete structures—supertor results as measured 


Above -wat secti f pi : : . 
nectien teem Glad with cone by pier strength; material economy, and speed in 
aggregate ready for grouting. construction. 


, These forms were filled directly 


from dump trucks. Another case history proving this point is found in 


this highway bridge in British Columbia where the 
piers and abutments were installed with Intrusion- 
Prepakt methods. Test cores, drilled upon completion 
of the piers, showed a concrete compressive strength 
of 4,000 psi. at 28 days—an assurance of 90-day 
strength of at least 6,000 psi. Only with Prepakt could 
such concrete strength be obtained with so little 
cement—4 bags per cubic yard—and with shrinkage 
so low as to be negligible. . 

* Add to this the inherent resistance of Prepakt Con- 
crete to deterioration from freezing and thawing action 
and you have the logical answers to why Prepakt is 
best for concrete structures requiring the best. 





Finished pier structure showing 
steel sheeting originally used as 
a cofferdam and concrete form, 
and retained as part of the 
finished pier. 


Full information on Prepakt as 
used in this and other structures 
may be had by calling or writing 
the Main Office, Cleveland, O. 


CONTRACTORS + ENGINEERS SPECIAL SERVICES 





INTRUSION-PREPAKT, INC. THE PREPAKT CONCRETE CO. 


CHICAGO - TORONTO - SEATTLE CLEVELAND 14, OHIO SAN FRANCISCO. PHILADELPHIA 


ZURICH +» PARIS - MADRID - STOCKHOLM - HELSINKI - BERL 
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4&th Aunual Convention 
Draws Large Registration 


Cincinnati cordially weleomed 654 members and friends of 
the American Concrete Institute attending its 48th annual 
convention February 26, 27 and 28 at the Netherland Plaza 
Hotel. Registration far exceeded expectations due largely, 
it is believed, to efforts of the local committee in publicizing 
the event. A crowded technical program attracted large 
audiences at each session. 


Highlight of the convention was the luncheon on Thursday 
noon in honor of Harvey Whipple who retired as secretary- 
treasurer after 32 years. Ten past-presidents were there to 
pay their respects. Stanton Walker presided and made the 
Herbert J. Gilkey paid tribute to Mr. 
Whipple’s long service and announced that a gift was to be 


introductions. 


purchased with contributions from friends and delivered to 
the Whipple home. About 200 attended the luncheon, many 
of them ACI old-timers who, as Professor Gilkey said, 
“remembered Harvey Whipple of the Windsor tie.” 


New officers elected were: A. T. Goldbeck, president; 
Charles H. Scholer, vice-president; and A. Allan Bates, 
J. W. Kelly, F. N. Menefee and Bailey Tremper, directors. 


etiring Board members received Certificates of Appre- 
ciation: Robert F. Blanks, Harmer E. Davis, Harry Delzell, 
N. M. Newmark, R. W. Spencer and Harvey Whipple. 


Institute awards were presented at the luncheon on Wednes- 
day noon. The Henry C. Turner Medal, last presented in 
1947, was awarded to Raymond E. Davis “in recognition of 
numerous outstanding and greatly diversified contributions 
to the technology of concrete as a material’; the Alfred E. 
Lindau Award was presented to Douglas E. Parsons “for his 
many years of quiet perseverance in directing and coordinat- 
ing development of standards of practice for reinforced con- 
crete design”; the Leonard C. Wason Medal for the “most 
meritorious paper” was given to Walter H. Price; the Wason 
Medal for Noteworthy Research, to W. J. MeCoy and A. G. 
Caldwell; Otto Safir, Vancouver, B. C., 
present to receive the ACI Construction Practice Award. 


was unable to be 


Technical subjects varied widely; Prestressed Concrete, 
Curing, Durability, Ultimate Load Design, Materials and 
Properties; Design, Construction, Research. 


The convention closed on Thursday afternoon with a panel 
session over which Professor Gilkey presided with his usual 


. savoir faire. 






The complete convention story will be published in the 
April News Letter. 
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First Annual Minnesota Concrete Conference 
By Fred R. McComb* 


More than 300 contractors, architects, engineers, ready mixed concrete 
and aggregate producers, cement finishers and other construction personnel 
from Minnesota and surrounding states attended the first annual concrete 
conference at the Center for Continuation Study, University of Minnesota, 
Minneapolis, December 3 and 4, 1951. Quality concrete was the theme of 
the two-day program conducted by the University of Minnesota and the 
Portland Cement Assn. Organizations which cooperated to make the con- 
ference an outstanding success included: The Associated General Contractors 
of Minnesota, The Northwest Section of ASCE, The Minnesota Society of 
Architects, the North Central Commercial Aggregate and Ready Mixed 
Concrete Producers Assn., the Minnesota Society of Professional Engineers 
and local members of the American Concrete Institute. 

Stanton Walker, Director of Engineering, National Sand and Gravel 
Assn. and National Ready Mixed Concrete Assn., Washington, D. C., and 
Past President of ACI, was the featured speaker of the conference with his 
paper, “Application of Quality Concrete Principles to Ready Mixed Concrete.” 

The thorough discussion sessions covered the types and uses of portland 
cement; characteristics and standards for concrete aggregates; fundamentals 
quality concrete; air entrainment; testing and local problems; placing, finish- 
ing, curing, protection and forms for concrete; and ready-mixed concrete— 
plant and transmit mix. 








Other speakers who took part in presenting information and instruction 
under the above topic headings were Fred R. McComb, district engineer, and 
R. W. Randall, district structural engineer, both of Portland Cement Assn., 
Minneapolis; John Swanberg, engineer of materials and research, Minnesota 
State Highway Dept.; Prof. J. A. Wise, Civil Engineering Dept., University 
of Minnesota; C. D. Bullock, regional structural engineer, Portland Cement 
Assn., Kansas City, Mo.; Charles W. Britzius, president, Twin City Testing 
and Engineering Laboratory, St. Paul; John H. Banker, construction superin- 
tendent, Portland Cement Assn., Chicago; John Ellison, construction super- 
intendent, Fegles Construction Co., Ltd., Minneapolis; Earl E. Eckert, super- 
intendent of construction and engineering, George A. Hormel Company, Aus- 
tin, Minn.; Richard W. Teague, construction superintendent, Minneapolis 
Water Dept.; Phil Woog, Jr., Cement Finishers Local No. 20, St. Paul; George 
Shepard, chief engineer, City of St. Paul; N. T. Rykken, Whitney’s Ready 
Mixed Concrete Co., Duluth; and R. T. Lindh, Twin City Ready Mix Con- 
crete Co., Minneapolis. 

Presiding over the various discussion periods were Walter H. Wheeler, 
consulting engineer, Minneapolis; Prof. T. W. Thomas, Civil Engineering 
Dept., University of Minnesota; Roy Shelgren, St. Paul contractor; and D. S. 
Haarstick of Haarstick, Lundgren and Associates, St. Paul architects. 


*District Engineer, Portland Cement Assn. Minneapolis, Minn. 
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J. Calleja 

J. Calleja, head of physical chemistry 
department, Instituto Tecnico de la Con- 
struccion y del Cemento, Madrid, Spain, is 
the author of “New Techniques in the Study 
of Setting and Hardening of Hydraulic 
Materials,” p. 525. 


J. J. Shideler 

J.J. Shideler, material engineer, U.S. Bureau 
of Reclamation, Denver, Colo., writes about 
“Calcium Chloride in Concrete,” p. 537. 

Mr. Shideler joined the Bureau of Recla- 
mation in 1939 and has been associated with 
investigations of thermal and physical proper- 
ties of concrete for Bureau structures, as 
well as with electrical gaging, testing and 
control equipment used in the laboratory. 

He received a BS in electrical engineering 
from the University of Denver in 1937. He is 
a registered engineer in Colorado, a member 
of AIEE, the Colorado Society of Engineers 
and has been an ACI member since 1947. 


K. Hajnal-Konyi 

K. Hajnal-Konyi, consulting engineer, 
London, England, came to the Cincinnati 
convention personally to present his paper 
“Developments in Reinforcing Steel and 
Concepts of Safety,” p. 561. 

Dr. Hajnal-Konyi was employed in the 
bridge department of the Gutehoffnungshutte, 
Sterkrade Rheinland, 1921-1923, and joined 
Prof. A. Kleinlogel, Darmstadt, in 1924, 
with whom he was chief engineer for 12 years. 

Since 1936, he has been a _ consulting 
engineer in London, designing reinforced 
structures for many factories, schools and 
apartments. His main interests are the 
development of shell concrete structures, pre- 
stressed concrete and the application of high- 
tensile steel to reinforced concrete. In the 
latter field he has done extensive research. 

Born in Budapest, Hungary, Dr. Hajnal- 
Konyi was graduated from the Federal 
Polytechnic Institute, Zurich, Switzerland, 
in 1921 and obtained his degree as Doctor 
of Engineering from Technical University, 
Darmstadt, Germany. He has been a mem- 
ber of ACI since 1936. 


K. P. Billner 

“Applications of Vacuum Concrete,” p. 
581, are described by K. P. Billner, president, 
Vacuum Concrete, Inc., Philadelphia, Pa. 

Awarded the Franklin Institute John P. 
Brown medal in 1947 for his work with 
vacuum processing of concrete, his name is 
also identified with such inventive contri- 
butions to concrete engineering as Aerocrete, 
the use of aluminum powder in concrete to 
improve bond to steel, vacuum concrete, 
interlocked helical reinforcement (sometimes 
referred to as “bed spring’ reinforcing), 
electric prestressing and mechanical pre- 
stressing. 

A graduate of the Chalmers Institute of 
Technology, Goteborg, Sweden, Mr. Billner 
has been active in engineering and building 
construction in Sweden and the United 
States. He is the founder of Vacuum Con- 
crete, Inc., and is a director of the Aerocrete 
Corp. of America and organized similar 
concerns in Canada and England. He is 
a member of ACI Committee 324, Precast 
Reinforced Ccacrete Structures, and has 
been affiliated with ACT since 1936. 


Thompson-Starrett Co., Inc., to construct 
dam in Turkey 

The Turkish Government has awarded an 
$11,000,000 contract to Thompson-Starrett 
Co., Inc., to head a group of Turkish-German 
associates to construct a huge dam on the 
Sakarya River, the first major part of its 
scheduled $35,000,000 Sariyar hydroelectric 
project designed by American engineers to 
help accelerate the industrialization of north- 
western Turkey. ECA funds are being uti- 
lized to build the new hydroelectric project. 

Thompson-Starrett is best known for build- 
ing many skyscrapers, most notable of which 
is the Woolworth Building and Waldorf 
Astoria Hotel. However, with a group of 
associates it also built the $78,000,000 Grand 
Coulee Dam. 

Sariyar Dam will be the largest dam in 
Turkey and will require about 700,000 cu yd 
of concrete. 
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Positions and Projects — ACI Memlers 





Lewis elected to executive committee 

Carlton J. Lewis, secretary and general 
manager of the Buffalo Gravel Corp., Buffalo, 
N. Y., has been elected to the executive com- 
mittee of the General Contracting Employers’ 
Association of Buffalo. 


Mercer extends activities 

The April 1951 News Letier outlined some 
of the extensive travels and varied activities 
of L. Boyd Mercer in the field of concrete 
technology during the past 20 years. Since 
then he has again been on the move—New 
Zealand, Canada, United States, England, 
and France, visiting laboratories and observ- 
ing concrete developments from the soni- 
scope to prestressing. 

The principal purpose of Mr. Mercer’s 
visit to London, where he spent two months, 
was to extend activities of Ready Mixed 
Concrete Ltd. from Australia to England. 
This is an interesting reversal of the usual 
procedure by which British industries gener- 
ally develop and extend their activities from 
England to the Dominions. 

Returning to Australia, Mr. Mercer found 
himself submerged with letters from all cor- 
ners of the world, from India to Peru, follow- 
ing the appearance of reviews (ACI JouRNAL, 
Dec. 1951, p. 360) of his publication, ‘The 
Law of Grading for Concrete Aggregates.” 
He says that the moral to be learned from 
his concrete activities of the past year is 
that if you do concrete research in your 
spare time there is no spare time. 


Turner Construction Co. elections 

Dr. Howard S. Turner, director of the 
Research & Development Division of 
Pittsburgh Consolidation Coal Co., Pitts- 
burgh, Pa., was elected a member of the 
board of directors of the Turner Construction 
Co. recently. Dr. Turner is a son of the late 
J. Archer Turner, president of the firm from 
1941 to 1946. 

Donald C. 
charge of New York operations, was also 


Andrews, vice president in 


elected a director, while Edward A. Courter, 
who has charge of the Chicago office of the 
Turner Construction Co., was made a vice 
president. 


Miller appointed sales engineer 

Thomas C. Miller, formerly supervisor, 
Masonry Materials Section, Armour Re- 
search Foundation, Illinois Institute of 
Technology, Chicago, has been appointed 
executive sales engineer in the industrial 
division of National Gypsum Co., Buffalo, 
N. Y. Mr. Miller, who has had 20 years 
of experience in the lime and portland cement 
industries, will concentrate on the company’s 
lime activities. He has had_ extensive 
experience in the design, construction and 
operation of shaft lime kilns and in the 
production of chemical lime for specific 
purposes as well as in the manufacture of 
high calcium and dolomitic finishing and 
masonry mortar limes. He also has had 
experience in the development of lightweight 
concrete aggregates from clay and shale. 


Condensation control in buildings 

A conference on the relation of paints, 
papers and insuJating materials to conden- 
sation control in buildings was held Feb. 26 
and 27 by the Building Research Advisory 
Board at the National Academy of Sciences, 
Washington, D. C. The practical and tech- 
nological aspects of condensation; mechanics 
of moisture movement; paint, paper and foil 
films; and insulation and construction prob- 
Jems were discussed. 


Julian Hinds 


Julian Hinds retired from his long-time 
job as general manager and chief engineer 
of the Metropolitan Water District of 
Southern California. Presently he is general 
manager and chief engineer of the United 
Water Conservation District. 


Dreyer appointed vice-president and 
chief engineer 

Walter Dreyer has been appointed vice- 
president and chief engineer of the Pacific 
Gas and Electric Co., San Francisco, Calif. 
Mr. Dreyer received his BS degree in civil 
engineering at the University of California 
in 1916 and has been associated with the 
Pacific Gas and Electric Co. since that time. 
He has been affiliated with ACI since 1922. 
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Dewey and Almy names director 


Robert T. Haslam has been elected a 
member of the board of directors of the 
Dewey and Almy Chemical Co., Cambridge, 
Mass., Bradley Dewey, president, has an- 
nounced. 

Mr. Haslam, a widely known chemical 
and marketing executive, is a former vice- 
president and director of Standard Oil Co. 
(N. J.) where his responsibilities included 
direction of research and sales. 

Prior to joining Standard Oil in 1927, Mr. 
Haslam was professor of chemical engineering 
at Massachusetts Institute of Technology 
and is now a member of the corporation of 
MIT. 


Becker plays important part in St. Louis 
building 

As past chief engineer of bridges and build- 
ing in St. Louis, a few of William C. E. 
Becker’s building achievements include the 
Homer G. Phillips Hospital, City Hospital, 
Koch Hospital, Jewel Box, City Sanitorium, 
Aloe Plaza and Armory Building—more than 
$1214 million worth of construction. 

In 1931 he was appointed chief engineer, 
Building Dept. of St. Louis, and three years 
later he was appointed city building com- 
missioner. 

At present Mr. Becker is in consulting 
engineering practice. A few of his recent 
jobs include Anheuser-Busch, Washington 
and Missouri Universities, Jefferson Barracks 
Hospital, and Scullin Steel. 


Short course ; 


A short course on ready mixed concrete 
design and control was held at Stillwater, 
Okla., Jan. 28-30, under the direction of the 
School of Civil Engineering and the Division 
of Engineering and Industrial Extension of 
Oklahoma A. and M. College. A committee 
representing the ready mixed concrete 
industry was active in planning the course. 
Topics discussed were tilt-up construction, 
concrete construction from the ready mixed 
concrete operators viewpoint, safety and 
accident prevention, theory of proportioning 
mixes and use of admixtures. Methods of 
making trial mixes were demonstrated. 


Furlong transferred 

W. C. Furlong, service engineer, Hawkeye- 
Marquette Portland Cement Co., Des Moines, 
Iowa, has been transferred to the St. Louis 
office of Marquette Cement Mfg. Co. as 
service engineer in Missouri and southern 
Illinois. 


Reiter elected executive vice-president 
George H. Reiter has been elected executive 
vice-president of Universal Atlas Cement Co., 
New York, N. Y. He was formerly vice- 
president and general sales manager. 


Spencer appointed associate professor 

Ernest L. Spencer, formerly assistant 
professor of civil engineering, Northeastern 
University, Boston, Mass., has been ap- 
pointed associate professor. Professor Spen- 
cer is in direct charge of the concrete labora- 
tory which is used for instructional and 
research purposes at the University. 


National Building Code changes 

Amendments to the National Building 
Code of the National Board of Fire Under- 
writers may pave the way for more open-air 
parking garages. The NBFU Code now allows 
such garages to be built more economically 
than the fire resistive construction formerly 
required under the 1949 Code. 

The new construction types have been 
recognized because parking garages have 
had a favorable fire record and the open sides 
of open air parking garages make it easy for 
firemen to get at the fire. The open sides 
also allow gases and smoke to escape from 
the building. 

Another change in the Code concerns 
standards on reinforced concrete. The new 
type A305 steel bar for reinforcing concrete 
is now recognized which will reduce con- 
struction costs and also conserve steel. This 
change adopts the 1951 revision of the ACI 
Building Code. 

Copies of the National Building Code and 
of the leaflet containing the new amendments 
may be obtained on application at the 
Nationdl Board of Fire Underwriters which 
has offices at 85 John St., New York 38; 
222 West Adams S&t., Chicago 6; and 
Merchants Exchange Bldg., San Francisco 4. 
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PROFESSIONAL CARD 
L. COFF, Consulting Engineer 


198 Broadway, New York 7, N. Y. 
PRESTRESSED 
CONCRETE STRUCTURES 
Design, Estimates, 
Construction Methods, Supervision 








Perlite Institute names secretary 

J. John Brouk, president and chairman of 
the Board of Directors of the Perlite Institute, 
has announced that the Board has employed 
Richard L. 
effective February 15. 
secretary of the 


Davis as secretary-treasurer, 
Mr. Davis has been 
Industrial Mineral Wool 


Institute for the past 11 years. 


Turner Construction Co. has record year 

The Turner Construction Co., New York, 
completed $100,221,210 worth of construc- 
tion in 1951, the largest volume of work in 
its history, H. C. Turner, Jr., president, 
announced in the 50th annual 
stockholders. Contract earnings 
ceeded those in any previous year but net 
earnings after taxes were only slightly larger 
than in 1950 The 
company will observe the 50th anniversary 
The 


member of 


report to 
also ex- 


due to heavier taxes. 
firm 


ACI 


of its incorporation on May 6. 
has been a 
since 1919. 


contributing 


NRMCA Fellowships 
The University of 
Fellowships 


Maryland offers two 
National 
Ready Mixed Concrete Assn., one designated 


sponsored by the 


the Stephen Stepanian Fellowship and one 
the C. Dolly Gray Fellowship. The Fellow 
enters upon his duties about September | 
or February 1 and continues for four con- 
a stipend of $1500 
Fees are paid and required text- 


secutive semesters with 
per year. 
books are purchased by the Association. 

Qualifications and study courses parallel 
those of the Stanton Walker Fellowship (p. 14) 
while the research work is devoted to prob- 
lems appropriate to the ready mixed concrete 
industry. Forms for making application 
may be secured by writing to the Dean of 
the Graduate School, University of Maryland, 
College Park, Md. 
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James P. Michalos 


The following corrections should be made 
in James P. Michalos’ biographical sketch on 
p. 16 of the February 1952 News Letter. 

Professor Michalos received his master’s 
degree at Yale University and his PhD at 
Northwestern University. 


Review materials controls 

Representatives of the construction in- 
dustry met in Washington February 12 to 
review the industry’s situation under govern- 
ment controls. The conference was held by 
the Construction Industry Advisory Council, 
formed by the Chamber of Commerce of 
the United States. It is made up of more 
than 100 national trade and_ professional 
organizations with a major interest in con- 
struction. Defense Mobilizer Charles E. 
Wilson was principal speaker. 

An afternoon session heard a panel dis- 
Controlled Materials Plan 
and the outlook for materials. 


Ralph W. Kluge 
Recently Ralph W. Kluge became head 
’ Uni- 


cussion of the 


professor of civil engineering at the 


versity of Florida, Gainesville. He was 


formerly associate professor of structural 


engineering at Purdue University. 


Connors Steel rolling A 305 bars 

The Connors Steel Co., Birmingham, Ala., 
that 
company has been producing new deformed 
reinforcing bars meeting ASTM A305 speci- 


has announced since January the 


fications. 


Lehigh Portland Cement Co. establishes 

scholarship 
An endowed 

open to any qualified student enrolled in the 


undergraduate scholarship, 


Engineering or Liberal Arts Departments, 


has been established at Princeton University 
by the Lehigh Portland Cement Co., Allen- 
town, Pa. 
Marking the 
history that 


first time in Princeton’s 
an undergraduate scholarship 
has been endowed by a corporation, the 
newly “created fund will be known as the 
Lehigh Portland Cement Company Scholar- 
ship and will return sufficient annual income 
to cover the full cost of an undergraduate’s 


tuition for an academic year. 
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NERVE CENTER for RECORD PRODUCTION 
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JOHNSON Automatic Mixing Plants Offer YOU... 


HIGH YARDAGE OUTPUT because 


Concentric zoning groups 1 to 5 mixers 
around center for most direct material flow, 
eliminates segregation of aggregates, and 
allows steep bottom slopes in aggregate 
hoppers for fast charging time. Central lo- 
cation of Cement Compartment permits steep 
slopes in cement tank for fast flow and max- 
imum premixing action by introduction of 
cement into center of aggregate stream. 
Automatic Batcher Control features 2-step 
filling for fast and accurate weighing, in- 
stantaneous mix selection and fast auto- 
matic moisture compensation when moisture 
content is known. 


QUALITY CONTROL because 


Separate single-material Batcher units oper- 
ated from a master control unit (see photo 


, 





Koehring Subsidiary 


THE Cc. §. JOHNSON COMPANY 


above) are used for cement, water and 
each size aggregate. 2-step fill insures ac- 
curate weighing because intermittent feeding 
at close of charging operation reduces possi- 
bility of overload. Moisture compensator 
automatically corrects Water Batch scale to 
compensate for water content of sand. Ad- 
justable retard on each Batcher gives option- 
al delay in introducing Batch into mix. 


ACCURATE PRODUCTION RECORDS 
because... 


Chart pens operate directly from scale mech- 
anism, record weight of each material on 
same sheet. Mixer consistency can also be 
shown. Electric counter records Batches dis- 
charged. Recorder also prints bars on chart 
paper, saving money and assuring accuracy 
of register. 






Champaign, Illinois 
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Typical example of spalling. Note 
corrosion of reinforcing rods exposed 
by disintegrating concrete. 





Reinforced with meshing, the area is 
restored with gun-applied RESTO- 
CRETE* by Western Waterproofing Co. 


PARR Le SS 
Ralph W. Hooper 


Word was received at ACI headquarters 
recently of the death of Lieut. Ralph W. 
Hooper—a bomber squadron casualty. Before 
recall to active military service with the 
U. S. Army Air Force, Lieut. Hooper was 
employed by the Ring Engineering Co., 
general contractors, Washington, D. C., 
as construction engineer and acting super- 
intendent. He joined ACI as a Junior 
Member in December 1951. 


Birger Leon 


Birger Leon, ACI member since 1944, died 
recently in Ottawa, Ontario, Mr. Birger was 
one of Canada’s leading architectural engi- 
neers and chief of the projects division of the 
Department of Resources and Development. 
Until 1932 he was chief engineer with a steel 
firm in Toronto and was the designer of 
many Toronto buildings. 


1223 Syndicate Trust Bldg. ° 
Branch Offices and Resident Engineers in Principal Cities 
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FOR Lasting CONCRETE RESTORATION 


Specify GUN-APPLIED 
RESTO-CRETE* 


by WESTERN WATERPROOFING CO. 


Sound engineering methods, finest materials, trained 
technicians and over 35 years’ experience assure the 
job will be done right wken you specify Western. 
All work done under contract, fully insured, per- 
formance guaranteed. 


*T. M. Reg. 


@ Protection from Water Damage 


(above or below ground, interior or exterior) 


@ Building Restoration @ Tuckpointing 


NO MATERIALS FOR SALE @ NATIONWIDE SERVICE 
for specific data, write: 


N 
ATERPROOFING CO. 
YY 


Engineers and Contractors 
St. Lovis 1, Mo. 


Walter P. Hirschberg 

Walter P. architectural 
engineer who was an authority on reinforced 
concrete design, died recently in Milwaukee, 
Wis. He was president of the Federal Engi- 
neering Corp., specializing in design of 
industrial buildings. Mr. Hirschberg had 
been an ACI member since 1920. 


Hirschberg, an 


Harry J. Kelly 

Harry J. Kelly, manager of construction 
and maintenance for the Gulf Oil Corp., died 
in Pittsburgh, Pa., recently. Mr. Kelly was 
a civil engineering graduate of Texas A & M 
and had been an ACI member since 1950. 


C. T. West 

C. T. West, vice-president, purchasing 
agent and chief engineer of Monolith Port- 
land Cement. Co., Monolith, Calif., died 
recently. Mr. West had been affiliated with 
ACI since 1941 as a representative of his 
company. 
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DAREX AEA 


Used in more concrete 
construction than any other 


+ AIR ENTRAINING AGENT 


On job after job these facts have been proved: 
air entrained concrete with air content closely 
controlled through the use of Darex AEA places 
easier and faster, finishes better, has better sur- 
face texture, is more homogenéous and more 
durable when exposed to freezing and thawing. 
At no extra cost, readymix concrete plants 
everywhere can furnish concrete that offers you 
these same advantages . .. concrete made with 
Darex AEA. Ask your supplier, or write to us 
for full details. 








Veterans 
Administration 
Hospital, 

West Haven, 
Conn. 


Construction supervised by: 
CORPS OF ENGINEERS, 
U. S. ARMY 


Contractor: MERRITT, 
CHAPMAN & SCOTT 


Darex AEA supplied by: 
CLARENCE WILEY, 
MILFORD, CONN. 





DEWEY and ALMY 


Chemical Company 


Cambridge 40, Mass. — Chicago 38 — Montreal 32 
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Non-dusting, easy-to-clean “iron-clad” 
concrete floors that will wear four to six 
times longer than ordinary concrete 
floors were obtained in the Grace Street, 
Richmond, Va., parking garage by the 
use of Masterplate. It was embedded in 
the surface of the concrete while still ina 
plastic condition. Masterplate is a com- 
bination of specially processed, size- 
graded iron particles and Master 
Builders’ cement dispersing agent. In 
addition to the advantages obtained in 





CLEVELAND 3, OHIO 








“2 MASTER (& BUILDERS 


Subsidiary of American-Marietta Company 


this parking garage, Masterplate pro- 
duces non-colored or colored iron- 
armored floors which are spark resistant, 
static disseminating, corrosion resistant, 
non-slip and low cost. Millions of square 
feet of Masterplate iron-clad concrete 
floors are in use today and giving excel- 
lent service in such structures as — in- 
dustrial plants, hospitals, warehouses, 
stores, service stations, ammunition 
depots, powder plants and similar fields. 





TORONTO, ONTARIO 




















NEWS LETTER 


Inge Lyse 


Inge Lyse is a name that will have familiar connotations for all Institute 
members and others whose memories go back to the inception of our Com- 
mittee 115—Research, in 1936. Professor Lyse was its promoter, virtually its 
organizer and its first secretary. 

A letter comes from Kharagpur, India, where Lyse writes (early January) 
from the Indian Institute of Technology where he is UNESCO representative. 
As Head of the Civil Engineering Department his mission is to set up this 
new Indian organization to serve along the lines of American technical insti- 
tutions. 

Kharagpur is 72 miles west of Calcutta and Lyse reports enjoying excellent 
weather at that time of year—80 degree F by day, 55 to 60 at night. He 
says ‘We hope it will stay that way for some time but old timers say in March 
it may really get hot.” 

“T am requesting the librarian to apply for ACI membership. This Insti- 
tute is so very new periodicals of technical value have not yet been ordered. 
Soon we shall have a very fine technical library as well as a modern Institute 
with numerous well equipped laboratories, including a concrete laboratory.” 


H. W. 





Believed to be the tallest stone 
storage silo in the world, this 
122-ft concrete structure was 
recently completed at the Maple 
rove, Ohio, quarry of Basic 
Refractories, Inc. Housing 12 
bins the silo will store approxi- 
mately 10,250 tons of No. 
(%-in.) stone in eight of the bins 
and, in addition, a substantial 
tc ge of suppl tal raw 
material in the other four. Basic's 
No. 8 stone (passing 0.075 
screen and meeting state speci- 
fications for concrete sand) was 
used in the concrete for this plant. 
MacDonald Engineering Co. 
built the silo using sliding forms 
and worked round-the-clock under 
adverse weather conditions to 
complete it in a record eight days. 
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Errata 

The following corrections should be made in 
“Concrete Footings for Walls and Columns,” 
December 1951, JourNAL: Expression in 
10th line of section on “Bending moment in 
eccentrically loaded footing,” p. 350 should 
read Wm = dm — q’. 
Eq. 50, p. 350 should read: 


eal r L ’ 
“\e 195B) ! 
L 


= (qm — q') — Aq 











0.5 B 
a (50) 
= Wm — aes ainane ik aie ee 
105B ; 
Kq. 51, p. 351 should read 
WmL? AgqL L L 
BM = — —- — X— 
2 0.5 B 2 3 
Ym L? 2A L 
= = 1 — << ag x 
2 3 Wm B 
) nL? 
=- Be kaw ess ennceneet ena (51) 





The following corrections should be made in 
“Direct Design of Rectangular Columns with 
Bending About an Axis of Symmetry,” 
February 1952, JouRNAL: 
> in “Notation,” p. 467, should read e 
Thirteenth line under “Balanced Design of 
Sections with Symmetrical Reinforcement,” 
p. 475 should read: 7.e., d’ = d’’.. Substituting 
for M2 from Eq. 20 and ... 

Twelfth line, p. 478, should refer to Fig. 14. 
Fifth line under “Conclusion and Summary,” 
p. 482 should read: 
with a moment J = 
e+ hdisthe... 

Line 24, Appendix 1, p. 484, 


N (e + hd), where 


should read: 








6Ne/d |, 3N . 
— Pod (k? — g) + —— Fbd (1—g)(g—k*) + 
3N . 
Foa * ~ 9° 


Stanton Walker Fellowship 

Established in honor of Stanton Walker, 
long known for his work in the concrete 
field, the University of Maryland offers the 
Stanton Walker Fellowship sponsored by 
the National Sand and Gravel Assn. The 
Fellow enters upon his duties about 
September 1 or February 1 and continues 
for four semesters. The stipend is $1500 


March 1952 


per year paid in ten monthly installments. 
Fees are paid and required textbooks are 
purchased by the Association. 

The appointee to the Fellowship will 
register in the Graduate School of the Uni- 
versity of Maryland. Work will be scheduled 
so that the Fellow’s time will be divided 
about equally between study of selected and 
approved courses and research on appro- 
priate problems related to the sand and gravel 
industry. 

Completion of the work leads to the 
degree of Master of Science. The Fellow- 
ship is open to qualified graduates in engi- 
neering from accredited colleges and uni- 
versities. Forms for making application 
may be secured by writing to the Dean of 
the Graduate School, University of Mary- 
land, College Park, Md. 


CAN YOU SUPPLY CORRECT 
ADDRESSES? 


Following is a list of members of the Institute 
(with their last known addresses) with whom 
we are out of touch, mail being returned for 
one reason or another. If any members of the 
Institute reading this paragraph could help us 
with the present correct addresses of the mem- 
bers noted, it would be very much appreciated: 


A. D. AtuEeN, Jr., P. O. Box 371, Jacksonville 1, Fla. 
Jim Berry, c/o Behfontain Apts., Apt. 2, 3310 Moro- 


neal, Houston, Texas 
Iryas Evrirye Binuer, Box 543, W. Lafayette, Ind. 
Gorpon L. Burt, 5001 N. Columbia Blvd., Portland 3, 
Ore. 
ALtvaro CABAL, 839 Convention, Baton Rouge, La. 
Gustavo Caceres, Calle 13 No. 14-12, Bogota, 
Colombia 
GorerGe CoLeman, 5309 Woodlawn, Chicago, IIl. 
BerNarpo ContTrerRAS, Calle 5 Ave. 8-10, San Jose, 
Costa Rica 
Francis X. Cov RTNEY, 5348 Madison St., Skokie, IIl. 
; 220 E. Pleasant St., Baltimore 
ichhorn) 
K-69-C, 


2, Md. 
Rosert D. 
paign, Ill. 
Donatp J. Fintayson, 5451144 
Calif. 
Jounny D. Grmaré, Box 5451, College Station, 
SuHe_tton M. Hannia, No. 01536178, 
PM, San Francisco, Calif. 
CuarLes LAMBERT HICKMAN, 
Ephrata, Wash. 

Rvustom ArDEsHIR IRANI, c/o Apt. 4A, 146 W. 
New York 26, N. Y. 

— Pavut Jerrres, 2411 Yale Ave., Denver 10, 

olo. 

J. G. Jounson, 500% E. 89 St., New York 28, N. Y. 

NAPOLEON Jounson, Box 82, Howard Univ. P. O., 
Washington, D. 





Stadium Terrace, Cham- 


Tilden Ave., Van Nuys, 


Ww. 
FIELD, 


Texas 
APO 660, c/o 


Delivery, 


49th St., 


General 


Davip M. Kavu FMAN, 19 W. Mosholu Parkway, New 
York 67, } 

Atrrep M. Krintoc u, Church No. 1, Rensselaer 
Polytechnic Institute, Troy, N. Y. 

W. P. Kiwneman, 140 Cedar St., New York 6, N. Y. 

} hit. M. D. Leao, Box 8621, L. 8. U., Baton 


Rouge, La. 

Water 8S. MacLavaatin, 
hampton, N. Y. 

Steve Masoros, c/o Shawinigan Engrg. Co., Ltd., 
Trenche Development Co., Laviolette, P. Q., Canada 


30 Wallace Rd., Bing- 
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LuTFULLAH MALKOCOGLU, 13558 223rd St., Laurelton, 
_ 


4s 


Hanny H. NicHots, 29-28 41 Ave., Long Island City, 


Lestire Noronna, 503 Morrissey Hall, Univ. of Notre 
Dame, Notre Dame, Ind. 

Don H. Pererson, 906 8. Sixth, Champaign, IIl. 

Joun Wirrkes Prewirt, Saunders Motel, Monahans, 
Texas 

—" E. Rickerts, 5532 Kenwood Ave., Chicago 37, 





Davip H. Scuoenrock, 1110 S. Arbor, Champaign, 
Rosert M. Scuroit, Kappa Sigma House, Laramie, 
yo. 

Rosert GEORGE SCHWENDLER, 128 Walsh Hall, Notre 
Dame, Ind. 

Frank L, Spitters, P. O. Box 641, Denver, Colo. 

Jose M. Tamayo, 5949 Park Pl., Hammond, Ind. 

Francisco Jose Tana, P. O. Box 236, Angola, Ind. 

KWANG-YUEN Tao, South Quad 217, lowa City, Ia. 

DANTE VENTRIERI E., Pasaje E. No. 71 apto 1, Buena- 
vista, Marianao, C ‘uba 

Joun B. Werc.e, Jr., 712 W. Burlington Ave., Apt. 
D, La Grange, Ill. 

Cart R. Witper, Engineer, Conservation Bureau, 
PCA, Denver, Colo. 


this 
sword 
means 
Cancer 


RESEARCH 


or millions cancer research 
f is a race for life. 

The American Cancer Society 
supports research in 100 insti- 
tutions in 35 states .., grants 
aid to 900 investigators ... 
trains as fellows 78 young men 
and women. 

However, some vital research 
has been retarded because of 
lack of funds . . . twice as many 
dollars could be used in 1952 
under the sign of the cancer 
sword. Cancer Strikes One in 
Five. Your Dollars Strike Back. 


Mail Your Gift to “Cancer” 
Care of Your Local Postoffice 


AMERICAN 
CANCER SOCIETY 








New Members 


The Board of Direction approved 72 
Individual, 1 Corporation, 27 Junior and 15 
Student Memberships for January. With 
adjustments for losses—resignations, deaths, 
nonpayment—the total membership on Febru- 
ary 1 was 5573. 


Individual 


ACKERMAN, Harry, Inginiyagala, Ceylon (Office Engr', 
Morrison-Knudsen International Co., Inc.) 

Atapsem, Nisso T., Cambridge, Mass. (Struct. De- 
sign, Cram & Ferguson, Archs. & Engrs.) 

Auten, M. G., Providence, R. I. (Chf. = ngr., Gilbane 
Building Co.) 

Benson, Rospert, Farnborough, Kent, England (Asst. 
Struct. Engr., Ministry of Works) 

BIssONNETTE, Witu1AM A., McNary, Ore. (Super. of 
Inspection and Control, Corps of Engrs.) 

— G., Osvatpo J., Caracas, Venezuela (Cons. 
wn 

Boe, Evcene M., Shaker Heights, Ohio (Asst. C. E. 
Cleveland Electric Illuminating Co.) 

Bourceot, Gitperto, Caracas, Venezuela (Design, 
Oficina Tecnica de Ingenieria) 

Carpenter, A. R., San Mateo, Calif. (Estimating 
Job Super., Parker, Steffens & Pearce) 

Castro-Corposa, Jaime, Cambridge, Mass. (Constr.) 

Cosians, Herpert, Durban, 8, Africa (Univ. Librari- 
an, Univ. of Nz late al) 

Crawrorp, C. Philadelphia, Lia (Exec. Vice Pres., 
The W hiteh: i Cement Mfg. € 

Daunt, Rosert E., Manhattan, Kk i (Research Asst., 
Kansas State College) 

Deemer, Ray H., Huntington, W. Va. (Sale Engrg., 
The Master Builders Co.) 

Doctor, P. K., Karachi, W. Pakistan (Dist. Engr., 
The Concrete Assn. of India) 

Dvarte, Epvarpo Garcez, Parana, Brazil (Partner, 
Sociedade Tecnica Ltd.) 

Epson, Murray H., Roselle, N. J. (Tech. Editor, 
Lefax, Inc.) 

Fenneu, C. D., Hudson, N. Y. (Chf. Chem., Lone 
Star Cement Corp.) 

FERNANDEZ, a ‘rn A, Santurce, P. R. (Struct. 
Engr., U. 8S. Na 

Fretp, Cyrus E., _—" Minn. (Genl. Constr., 
C. D. Field Co.) 

Gepeno, Detrrn, Caracas, Venezuela (Design, Inos, 
Edificio ‘Las Mercedes’’) 

Geruarpt, Norman A., Los Angeles, Calif. (Struct. 
Design, Drafting, Henry M. Layne, Engr.) 

Gincericn, Haroip R., Corpus Christi, Somme (Chf. 
Chem., Halliburton Portland Cement Co. 

Haas, WituiaM M., Pittsburgh, Pa. (Drafting, Lay- 
out, Design, W alter H. Frick, Engr.) 

HAMILTON, JOHN S., Chicago, Ill. (Sales Engr., E. W. 
Zimmerman) 

Hanson, Harotp E., Duluth, Minn. (Design, Super., 
Harold 8. Starin, Arch.) 

Herrericu, Raven H., Hamilton, Ohio (Partner, 
Mueller, Hair & Hetterich) 

Hunt, J. T., London, England (Tech. Repr., Dewey 
& Almy Ltd.) 

a Harry C., Mechanicville, N. Y. (Chf. Draftsman, 

Va. Pulp & Paper Co 

Seaman GEORGE SHINICHI, Los Angeles, Calif. 
(Design Engr., Los Angeles County Road Dept.) 

JmeENeEz, Fevipe, Champaign, Ill. 

JORGENSEN, Ip Faux, Englewood, Colo. (Civil & 
Struct. Engr.) 

Kennepy, Dove ass J., Holyoke, Mass. (Design, 
Super., P. J. Kennedy & Co.) 

Krrxnam, R. E., es Nebr. (Engr., Kirkham, 
Michael & Assocs.) 

Krasner, Louis, University City, Mo. (Struct. Engr.) 

Lamack, Avuaust H., St. Louis, a (Design, Pro- 
motion, Inspection, "Laclede Steel 

Lavea, Henprik, Toronto, Gente. (Struct. Engr., 
Canadian-Brazilian Services, Ltd.) 


Continued on p. 17 
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Yes, Cofar successfully eliminates the 
costliest element of reinforced concrete 


construction—wood forms. In one 
manufactured product Cofar serves as 
complete positive reinforcement, tem- 
perature reinforcement, and form com- 
bined, without extra steel and without 
reduction of design stresses. Cofar is 
fabricated from extremely high-strength 
cold-rolled deep-corrugated steel with 
a guaranteed yield point (.1% offset) 
not less than 80,000 psi and over 100,000 
psi ultimate. Cold-drawn, steel T-wires 
(transverse wire) not over 6” c.c. are 
welded to the deep-corrugated steel in 
manufacture, and provide temperature 
reinforcement in the slab, mechanical 
anchorage and positive shear transfer 
from concrete to steel. Cofar sheets are 
hot-dip galvanized, providing complete 
permanence for normal interior expo- 
sures. Extended fire protection beyond 
any requirement is generally provided 
by lightweight, modern plaster ceilings, 
either suspended or directly applied. 


During this critical period of defense 


emergency the material savings alone, 
made possible by Cofar construction, 
give it a top priority for designers’ 
consideration. 


Cofar saves steel by permitting full 
range continuous concrete slab design 
with the steel weight substantially equal 
to conventional reinforcement. 


Cofar saves cement by eliminating 
non-structural wasted concrete below 
the reinforcement. 


Cofar saves wood by eliminating form 
sheathing. 


Cofar saves labor, time, dollars by a 
faster simplified construction. 


Cut to fit the building frame, Cofar is 
ready to place — provides immediate 
working surface for trades. 


For complete technical or general infor- 
mation, advice on application and de- 
sign, review of COFAR designs, esti- 
mates and costs for any COFAR proj- 
ect, write Dept. 5-7. 


GRANCO STEEL PRODUCTS COMPANY 


(Subsidiary of Granite City Steel Co.) ¢ Granite City, Illinois 

















New Members 


Continued from p. 15 

LAWRENCE, P. B., Montreal, Canada (Lab., 
Inspection, Testing, Milton Hersey Co., Ltd.) 

LayA Moraes, Pepro, Caracas, Venezuela (Design, 
Inspection, Instituto Nacional de Obras Sanitarias) 

Lee, Dan Hsvan, “+ of York, N. Y. (Design, J. G. 
White Engrg. Corp. 

Luker, J. P., ewes ag Texas (Research Lab. Manager, 
General Portland Cement Co.) 

MavueGesr, J. R., Paris, France (Sales Engr., 
Almy Chemical Co.) 
McManus, Raven N., 

Prof., Univ. of Alberta) 
McPuerson, Raven H., Greenville, S. C. (Partner, 
Chf. Engr., Chf. Arch., The McPherson Co.) 
MITCHELL, WARRINGTON GILLET, Fresno, Calif. (Chf. 
Concrete Tech., Corps of Engrs.) 
Mirtet, H. P., Seattle, Wash. (Asst. Prof., Univ. of 
Washington) 
Moreno, AtBerto Jose, Caracas, Venezuela (Design, 
Instituto Nacional Obras Sanitarias) ° 


Field 


Dewey & 


Edmonton, Canada (Asst. 


Newtson, DeELLIEWARE R., Cambridge, Mass. (Lab. 
Testing, Field Super., Inspection, H. G. Protze, 
Engr.) 

Newman, Avpert A., Hackensack, N. J. (Design, 


Drafting, Jacoby, McGrayne & Co 

Norcross, L. T., Snyder, Texas (Genk, Bldg. Contr., 
Norcross Cc onstr. Cc 0. ) 

Norrie, Kennetu Peter, Spokane, Wash. 
Design, Struct. & Civil Engr.) 

oT Danret E., Crystal Lake, Ill. (Jr. Engr., 

J. Boynton, Inc.) 

mt WituiaMm Lynn, meg Angeles, Calif. (Esti- 
mator, J. A. McNeil Co., Inc 

Parma, JoHnN W., C leveland, Ohio (Design, Drafting, 
Wilbur Watson Assocs.) 

Pa See ALBERTO, Panama, Panama (Design, 
.'E) 


(Struct. 


Quinsy, Ira, Kenmore, N. Y. (Struct. Field Engr., 
Portland Cement Assn.) 

Raysurn, E. B., Jr., Indianapolis, Ind. (Asst. Gent. 
Mer., Ready Mixed Concrete Corp.) 

ROSENSTERN, Kaus, Chicago, Il. 
‘reyn Engr. Dept. of Koppers Co.) 

Russet,t, WituiAM N., Jr., sR 
Mer., W. N. Russell & C - 

SHaw, ‘ARTHUR JOSEPHU 8, lia Mass. (Design, 
Drafting, Mass. mom of Technology) 
Sotomon, Josern §8., Los Angeles, Calif. 

Design, The Austin Co.) 
SoRENSEN, WENDELL C., Shreveport, La. (Chf. Engr., 
Assoc. Struct. Design, Neild-Somdal-Assoes.) 
Sreyn, Keeve, Johannesburg, 8. Africa (Cons. Engr.) 


(Squad Leader, 


J. (Genl. 


(Struct. 


Swatek, Epwin Pavt, Jr., Pittsburgh, Pa. (Chf. 
Design Engr., Dravo Corp.) 

TrUEN, Epwarp K., Concord, Mass. (Arch., Struct. 
Engr.; Instructor, Harvard Univ.) 

UcniyamMa, Minoru, Tokyo, Japan (Prof., Chuo 


University) 

Vamos, LaApIsLAo, 
Weil y Vamos) 

VASARHELYI, D., 
Washington) 

Watson, L. T., Jr., 

8. Ne avy) 

WELBORN, Morris F., Hayward, Calif. (Design, 
Estimating, International Engrg. Co., Inc.; Mor- 
rison-Knudsen International Co., Inc.) 

Wittson, Cepric, Dallas, Texas (Vice-Pres., Chf. 
Engr., Texas Industries, inc.) 

Wo.rr, G. Morton, Buffalo, N. Y. 


Caracas, Venezuela (Genl. Mer., 


Seattle, Wash. (Research, Univ. of 


Chicago, Ill. (Struct. Design, 


(Arch., Engr.) 


Corporation 


Brsuioreca vo INsTiITuTO DE PEesquisas TECNOLOGI- 
cas, Sao Paulo, Brazil 


Junior 

Brown, Ropert CuHarves, Essex, sony 
Design, Drafting, Wescott & Mapes, Inc. 

Cura, Suizvo, Hokkaido, Japan (Asst., Dept of Bldg. 
Constr. . Hokk: 1ido Univ.) 

Cuowpbury, BAsHir AuMab, London, England 

CLARKE, DeENNIs, Newecastle-upon-Tyne, England 
(Design, Draftsman, The British Reinforced Con- 
crete Engrg. Co., Ltd.) 


(Struct. 


Continued on p, 21 
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HAanor 


Roll 


February 1, 1951—January 31, 1952 


For the final tally of this year’s Honor Roll, 
Newlin D. Morgan, Sr., leads with 40 credits, 
Newlin D. Morgan, Jr., is second with As 
an 
James A. McCarthy is fourth with 10 credits. 

Each of the Morgans for the fourth consecu- 
tive year will receive a special certificate of 
appreciation authorized by the Board of Direc- 


Eddy Hernandez is third with 


tion. 


10% 





The entire list is slightly over 8 percent of 
the total membership helping others derive 


the benefits that ACI offers. 
not be 10, 15 or even 20 percent? 


Newlin D. Morgan, Sr. (Ill) ...... 
Newlin D. Morgan, Jr. wanesedh 
Eddy Hernandez (La. Be 

James A. McCarthy (ind. ).. 

cea le 5 ere 


Oscar A. Nunez G. (Venezuela)... 


Adolf A. Meyer (Tenn.).......... 
Jose A. ms, pie 
H. J. Gilkey (la.).. 

L. G. Farrant (Fla.).. 

Samuel Hobbs (Calif... 


Alvin C. Loewer, Jr. (Pa.).. Pokey 


Jacob Adler (Israel)........... 
F. Thomas Collins (Calif.). . . 
Anthony G. Giardina on bine eel 
Frank Kerekes (la.).. 
Alexander ey Calif). 
C. P. Siess CIll 

C. H. Scholer (Kans.). Vee 
Oscar Schreier (N. Y.)...... Hee 
Oliver J. Julian (Mass.)...... 
Henry L. Kennedy (Mass.). . 


Fernan Rodriguez-Gil (Venezuela). , 


Andrew Verkade (lll.).. 

ivan M. Viest CIll.).. 

George D. Youngclaus (Calif. i 
George E. Hatch (Hawaii)..... 
Blas Lamberti (Venezuela)..... 

F. N. Menefee (Mich.)....... 
Rafael Ruiz (Guatemala)....... 

R. A. Caughey (la.).. 

Oscar A.-T. Gimesy (Australia). . 
eS aaa 
Howard Simpson (Mass.).........- 
LeRoy A. Thorssen Gaede... ae 
Curzon Dobell (N. Y.).. 

Myle J. Holley, Jr. (Mass.). . 

E. L. Howard (Calif.) 
T. C. Kavanagh (Pa.).... 
William Lerch (lll.).. 

F. T. Mavis (Pa.).. 

Donald Agrimson (S. D).. : 
Boyd G. Anderson (IN. Y.). me 
Michel Bakhoum (Egypt)... . 
J. F. Baxter (N oe 
Gene Best (Texas)............. 
E. M. Bowles (Ceylon)... 


UMMM AAAANS 


LALA AALASL 


WWW 


3 1 


Why should this 


to 
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DONO NIRS MIS NIN 
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Frank T. Callahan, Jr. (N. Y.).......... 9 


E. J. Critzas (Mo.) 
Eduardo Cruz B. (Venezuela).... 
John H. Cullinan (Mass.)........ 


Robert G. Deitrich (Md.)............... 
James N. DeSerio (N. Y.).............. 
OS eS See 
Jess Fellabaum (Ohio).............. 


Gerald K. Gillan (Mo.).......... 


H. F. Gonnerman (Ill.)............ 


H. R. Harbeson (Mich.).......... 
Warner Harwood (Ill.)...... 
R. A. Hechtman (Wash.).... 


Pt. Be PIO WE TIGNES)... cocci cc ccceces 


Chuzo Itakura (Japan) ....... 


David V. Lewin (Ohio).......... baa 


Inge Lyse (Norway)......... 

R. B. MacNee (Calif.)......... 
David R. McKenzie ~~ einer 
William McGuire (N. Y 
Carl L. Monismith (Calif. Bi, Rees 

A. E. Piller (Texas).......... 
Thomas J. Reading (S. D.).... 
Paul Rice (Mich.)........... 


Rafael Rodriguez (P.R.)............. 


Herbert A. Sawyer wen 5 
Dana A. Scheid (Ind.). . 

Harry F. Thomson (Ill.)....... 
Charles E. Wuerpel (Ill. . ee 


B. Bresler (Calif.). . ip 


Augustine L. Delaney (Mass. a. 
Alberto Dovali Jaime (Mexico). . 


Clarence W. Dunham (Conn.).... eis 


E. |. Fiesenheiser (Ill.)........... 
Albert Goldberg (Mass.).......- 
John W. Graham, Jr. (Pa.).. 

Ernst Gruenwald (Israel). . 

Homer M. Hadley (Wash. ).. 

W. E. Hanson (lll.).. 

H. McC. Larmour (Calif.). . 

M. F. Macnaughton (Canada). . 

M. C. Magnuson (Ill.)........ 
Henry J. Mills (Calif.)......... 
John A. Murlin (Texas)....... 
Jack E. Rosenlund ee. 
Quentin Rust (Calif.)..... 

Harold S. Sweet (Wyo. :- 

J. D. Sykes, Jr. (Mo.)......... 
Jan ten Bosch (Mich.) ....... 

J. G. Wright (Calif.)...... 


Adolfo Alvarez tree Rese fe : aoe eeee 


A. Amirikian (Md.)............. 
Edwin C. a (Wash.). . 


Henning Andreasen (Venezuela). ee eiohs 


Vahe M. Arkell (N. Y.)......... 
William T. Armenivou! (Ala.). 7 
ee? Sn 8 eee 
Benjamin M. Babb (S. sin 

J. B. Baird (Texas). . ihe 
Hugh Barnes (Calif.). . 


E. Frances Barnett cill.)... eg ns ve ane 


F. Barona de la O. (Mexico)... 
Frank J. Barrett (Wash.)......... 
lra M. Beattie (Canada)..... 


O. E. Becker (Guatemala)....... se 


Robert M. Becker (Mass.)....... 
F. M. Bergier (N. Y.)........ 
H. J. Bezette (Idaho)........ 


NONNNNNNNNNN 
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Harry Bieber (Calif.).................. 
Sidney Bierman (Mo.)......... 
Joseph Bistransky (Ind.)........ 


Robert F. Blanks eg Rss 
Hans H. Bleich (N. Y.). 


Conrad M. Blucher an 0 Swe: 


Harry W. Bolin (Calif.). . 
H. C. Boyd (Va 


A. R. Brickler (Ga.) 


Earl I. Brown (Ga.)........... 


Sterling L. Bugg (Fla.)....-.... 
R. &. OiNteS CIC)... 5s ses 


W. F. Campbell (Canada).............. 
= eek = eee 


Kuang-Han Chu (N. Y.)....... 
Joseph Coel (Conn.).......... 


Theodore F. Collier (Conn.)............ 


J. C. Comati (N. Y 


Aloysius E. Cooke (Conn.)........ 
William A. Corson (Mich.)...... 


Le | A eee 
Austin Crabbs (la.)............ 
Lee W. Crandall “oe. 

M. A. Craven (N. Z 


Arthur C. Crawshaw (Callif.). eae 
Veneverito da + ox ee - 


bog ry Daniels (D. C 
W. H. 
John G. Dempsey (P. R.)....... 


Peter J. Doanides (S. ea me 


John B. Donovan (Mass.). . 
Hugh Doyle (Australia). . 
George P. Duecy (Wash. ).. 
Benson L. Dutton ay Ds 
John R. Dwyer (D. C 


aed a 
Harlan H. Edwards Wash. ).- ne 


A. B. Egan (Minn.). . 
John L. Feagin (Tenn. a 
Phil M. Ferguson (Texas). 
Jack Figilis (Colc.).. 


John Jay Fina (Ill.)........ 

T. H. Fleming (Mo.)............ 
George W. Ford (Fla.)......... 
Jacee Prank GN. J). 2 6560605. 


Eugene Freyssinet (Fra . a a 


Benat Friberg (Mo.).. 
Walter H. Frick (Pa.). . 


Clemens F. Friedpen (N. Y.. YO. ete e teens 


J. Fruchtbaum (N. Y 
Thomas Gilbane (PR. |.).. 


E. Gonzales-Rubio (Colombia). Prats 
J. Gonzalez V. (Venezuela)........... 
Clifford Gordon (N. Y.)....... 
2 Ae Le ok a 


Lloyd Hale (Minn.)........... 
Hunter W. Hanly (Ohio)...... 
T. B. Hartless CVa.)........... 


James P. Hawke (Callif.)............... 


Robert Hayden (Pa.).......... 
John M. Hayes (Ind.)......... 
Elmo C. Higginson (Colo.)..... 
Ernest Horne (Ind.).. Re. 
John A. Houseman (Texas)... 

C. M. Howard (Wash.).. 


Myron A. Howe (Mass.).. ee - SRE Mec: 


Stanley L. Howell (Nebr.)..... 


William A. oe se (Mich.).. .. 


a 
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F-H AIRSLIDE 








SIDE DISCHARGE VALVE 


BUTTERFLY VAL 





OBSERVATION PORT 























You profit by 


You’ll save time, trouble and unnecessary expense, if you 
plan your Fuller fine dry material handling system now— 
while your modernization program is still in the blueprint 
stage. 


Fuller manufactures four basic types of pneumatic con- 
veyors, which eliminate the straight-line limitations of 
mechanical conveyors. This Fuller flexibility feature permits 
economy in plant layout, building design and equipment. 


To install a Fuller Conveying System, as for example, the 
Airslide shown here, with as little trouble and expense as 
possible, it is best to let us help plan your system—before 
actual construction begins. 


That’s why we urge your “starting from scratch” with a 
Fuller engineering study (proposal drawings and estimates.) 
There is no obligation for these recommendations, which are 
designed to save you time, trouble and money. It is Fuller’s 
way of assuring an efficient, economical and dependable 
material handling system. 


FULLER COMPANY 
Catasauqua, Pa. € 
Chicago « 120 So. LaSalle St. ull @] 
San Francisco * 420 Chancery Bidg. FH-26 








Fuller Company is the exclusive manufacturer of air gravity conveyors, 
except for use in motor vehicles, under Huron Portland Cement Company 
U. S. Patent Nos. 2,316,814, 2,517,837, 2,527,394, 2,527,455, 2,527,466, 
2,527,488 and Patents Pending. 











STARTING FROM SCRATCH 







Conveying from elevator to 
storage bin underneath floor 





Open-type Airslide in bin 
bottom conveying to elevator 





Conveying from storage bin 
to weigh scales in plant 





Honor Roll 
Continued from p. 18 
|S re 
Robert B. hiien (Wash. )-. 
Leslie A. Irwin (Callif.). . 
Gordon Jacoby (N. J.).... 
M. L. James (England)........ 


Matti Janhunen (Finland)......... 


eg B. ee . wee 
J. G. Johnson (N. Y.).. 

W. R. Johnson (Ore.)....... os 
Barton Jones (P.R.)........... 
R. R. Kaufman (Ohio)........ 
ge M. Kelly (Ore.).. 

K. J. Kelsall (Australia). . SRE 
George J. Kerekes (Calif). bra 
Lane Knight (Canada). . 
Knud-Endre Knudsen (Pa. i... 


Richard E. Kohne (Callif.)......: meget 


George E. Large (Ohio)...... 
O. Lavik (Tenn.).. 

Leland L. Lawrence, Jr. ‘il).. 
Leo Legatski (Mich. 5 
A. R. Lemoine (Canada)..... 
James C. Lerret (Mo.)........ 
Tung Yen Lin (Calif.)....... 
Russ A. Loveland (Texas) ; 
Robert W. Lowry (Pa.)........ 
George Lee Lum, Jr. (B. W. |.). 
James B. Lyttle (N. Y.)......... 
W. F. Mackenzie (Pa.)......... 
R. H. Mahimtura (India). . 

E. F. Mallett (Texas)........ 

O. M. Marcel (England). . 

Danlio Martinez (Panama) : 
Antoni Martynowicz (Canada). . 
Bryant Mather (Miss.)......... 
D. M. McCain (Miss.).. . 


Howard J. McCrodden (Tenn.)... 
William G. McFarland (P. R.)...... 


Douglas McHenry (Colo.)........ 
Ralph H. McPherson (S. mee 

B. S. Merrill (Tenn.).. 

Gennaro Mianulli (N. ‘Y)+).. 

(pa Of 
Gerald Milsom (Canada). . 

Robert B. B. Moorman (Mo. ). 
Walter E. Muldowney (Md.). . 
A. E. Myers (Wash.)......... 
George G. Nichols (N. Y.).. 
George R. Nichols (Va.)...... Be 
George A. Norwood (Texas). . 
William D. Nowlin (Va.).... 
Syberen F. Nydam (Ill.).... 

Roy A. Nyquist (Ohio). ... 


Arturo Obadia B. (Venezuela)..... 


LeRoy T. Oehler (Mich.)........ 
Rafael Olivero V. (Guatemala). . 
George L. Otterson (Va.)...... 


William H. Owens (Mass.)....... 


J. Antonio Pardo B. ee 
C. C. Parker (Canada). 
Bed 6 Patino (Salvador). . 


James M. Paulson (Mich.)....... eos 
Charles W. Payne (Ill.)............ 

Charles N. Penny (Kans.)......... 
Hugo Perez La Salvia (Venezuela) 
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"A. G. Watt (Pa.). . 
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Perry H. Petersen (Callif.)..... 


Jerome L. Peterson oe rete 


Orley O. Phillips (Colo.). . 
Dan H. Pletta (Va.).. 

David F. Pobst, Jr. (Texas). . 
J. Waldo Pond (Mass.). . 

M. V. Pregnoff (Calif.)... 
Herman G. Protze (Mass.). 
Raymond C. Reese (Ohio) 
J. D. Richards (Canada) 
William H. Rittweger CIll.)...... 
John W. Roberts (Va.)..:.... 
John A. Ruhling (Ill.)....... 


Anton Rydland (Callif.)......... 


Mills Sampey (Ohio). . 


Francisco Santos Oliva (Mexico) ; 


Raymond W. Sauer (Ill.).. 

A. E. Schmidt (Calif.)........ 

J. R. Scott (Canada)......... 

a Selzer (N. Y.)..... : 
H. J. Sexton (Calif.)..... ; 

RL. Sharpe (Callif.). . re 

Thomas C. Shedd (Ill. . i 

R. H. Sherlock (Mich.). . 

George D. Shropshire (Va. e 


Einar Skinnarlond (Ove.)...........scs. 


jonn W. Smith C.D... 6... 6s 
Myron M. Smith (Va.)........ 
Byron D. Spangler (Fla.)...... 
R. W. Spencer (Calif.). . 

Philip W. Starin (Minn. a 

Donald L. Strange-Boston (la.).. 
Howard H. Sturdy (Pa.).. 
H. D. Sullivan (Wash.)....... : 
W: B. Summer (Pa.).. 

Denis A. Sun (Philippines). . 


Hale Sutherland (Pa.).. : eres 


Myron A. Swayze (N. Y.).. 
Herman Tachau (la.). . 
Kenzaburo Takeyama (Japan). . 
*s = (aS Se 
N. Thompson (N. Y.).. 

ted H. Thompson (N. YD. 

J. W. Tinkler (Canada). . 
Calvin W. Tooles _ ) 
E. Torroja (Spain). . 

G. E. Troxell (Callif.). . 
Alvin R. Turski CII.) . 
Ray M. Uyeno (Hawaii) ee 


J. W. T. Van Erp (Ohio).... va) 


Evan W. Vaughan peer. 
Anestis Veletsos (Ill.)..... 
Richard B. Ward (Texas) ores 
G. W. Washa (Wis.). . 
William R. Waugh (Wash. : 
Frederic N. Weaver (Mass.). . 

M. X. C. Weinberger vial 2 ).. 
John M. Wells (Ore.). . 

C. H. Westcott (Ill.).. 

Charles S. Whitney (Wis. we 


Horace J. Whitacre en ).. etic. 


J. Whitten (England). . 
Lyle L. Wilson (Alaska). . 


Harold S. Woodward (N. Y.)......... 


The following credits are, in each instance, 


““50—50” with another member. 





March 1952 


Ba ger er er UU UU UU re ee ee Ge Qe ee i ee ee ie eerie eee 





aiadiadaitaditaiitatiatitiaiieiioetiati ai st Sweat se Oommen 


_ 

fa) 

oO 
~ 


H. B. Aikin Demetrio Lausell 
George C. Alden . Legg, Jr 
William C. Alsmeyer W. G. Limbach 

R. L. Anderson Guy O poateay 
Jacob S. Aronow TEL Lothers 

C. H. Ax + Lucas 

J. S. Bailey Winthros E. Luke 
Malcolm F. Baker H. C. Lutes 

Rud F. Basta Charles A. Lyon 
Rene L. Bertin Hsien N. Ma 


Serge Breiterman 
D. Brillenbourg 


lan Macallan 
Albyn Mackintosh 


H. J. Brunnier Martin Mahler 
Carlos D. Bullock Hudson Matlock 
Craig J. Cain J. W. McBurney 
G. Campilongo F. E. McClure 
Jacob Carciente H. J. McGillivray 
Wilbur A. Carlson D. N. Mcintosh 
Thomas F. Chace J. E. Miller 


Robert D. Chellis 
Charles A. Clark 
Ralph E. Coblentz 
H. ‘ormack 
Arturo Costa 
Stratton B. Cralle 
Freddy Mogna Cruz 
Carlos Rafael Cruz 
M. H. Cutler 

E. H. Darling 
Raymond E. Davis 


Kenneth D. DeLapp, Jr. 


Alberto del Castillo 
Joseph A. DiPirro 


John K. Minasian 
Eugene Mirabelli 
R. Frank Miser 
Hugh Montgomery 
E. J. Mueller 

J. Palmer 

F. W. Panhorst 
Boyd E. Phelps 
Luis Pietri-Lavie 
Abraham Pikoos 

L. B. Pospisil 
Walter H. Price 
Jerome M. Raphael 
Maurice A. Reidy 


. L. Dufour Paul Rogers 
William L. Eager Oswaldo Rovati B. 
Jay C. Ehle . H. Ryan 
Harry Elisberg W. Schnarr 


Hans E. Fabricius 
Gordon P. Fisher 
Hayward Fong 
Richard B. Fox 
Robert W. Freeman 


NEWS LETTER 21 


Edward he Scripture, Jr. 


Rachel Shalon 
herr 
Isaac S. Shina 
A. Warren Simonds 


H. G. Garner James R. Sims 
Ernest N. Gelotte H. Sommerschield 
A. T. Granger Byram W. Steele 


Samuel J. Green 
Nathan Grout 


Herbert M. Stoll 
F. W. Stubbs, Jr. 


Tadius J. Gut J. Neils Thompson 
T. L. Hagerman J. P. Thompson 
William H. Hall E. W. Thorson 
Harold A. Halldin Robert E. Tobin 
J.R. G. Hanlon ancura 
Edward C. Harding Leon Venegas 
A. J. Hawley F. E. Votaw 
Philip W/. Helsley C. D. Wailes, Jr. 
L. C. Hollister E. H. Walker 

A. S. Holway Ray L. Walker 
H. Walter Hughes Cc. A. Walls 

M. E. James P. C. Wang 
George H. Jennings S. J. Warberg 
V. P. Jensen David Watstein 
Mario Jimeniz Carl Weber 

L. |. Johnstone J. Wegrowski 


Herbert M. Kahn 
Nat Kanarek 
Edgar R. Kendall 


Byron P. Weintz 
Roger M. Wells 
George Winter 


c. a mm G. B. Woodruff 
kK. Kukielski Jack E. Zimmerman 


Gaston Lagrange 


Charles C. Zollman 








New Members 


Continued from p. 17 


Faris, CHartes O., Mill City, Ore. (Constr. Engr., 
Consolidated Builders, Inc.) 

Gatianco M., Luis NAPOLEON, Caracas, Venezuela 
(C. E., Tecnica Constructora) 

Garpvon, Juan §S., Catano, P. R. (Genl. Canste.. 
Inspection, P. R. "Housing Authority) 

GitpertT, CHARLES Wapk, Pampa,, Texas (Struct. 
Design, Cabot Carbon Co.) 

Hicerns, Frank T., Jr., Woodstown, N. J. (Lab. 
Testing, Inspection, J. E. Greiner Co.) 

Ko.ozensk1, Epmunp A., Franklin Park, Ill. (Struct. 
Design, A. J. Boynton, Inc.) 


-—~ Cart F., Cambridge, Mass. (Teaching Asst., 
Mass. Institute of Technology) 

MANFULL, Duane, New York, N. Y. (Lt., U. S. Army) 

MINCKLER, Howarp G., Bridgeport, N. J. (Inspector, 
Lab. Testing, J. E. Greiner Co.) 

MLaGenovicn, Witt1aAmM M., Whittier, Calif. (Engrg. 
Design, Drafting, Schrieber & Peterson) 

Moniz, Arturo Ortiz, Guayama, P. R. (Constr. 
Engr., Nieves Lumber & Constr. Corp.) 

Nasr, Maumoup Sayep Ary, Giza, Egypt (Instructor, 
Fouad Ist University) 

Nester, James D., Middletown, Ia. (Design, Silas 
Mason Co.) 

Paton, Arcuie, Oak Park, Ill. (Design, Drafting, 
Inspection, A. J. Boynton & Co.) 

Rerper, Marc Bruce, Laurelton, N. Y. (Design, 
Albert Goldberg, Engr.) 

Rice, Cram E., Mandon, N. D. (Constr., Design, 
N. D. State Highway Dept.) 

Rizk, Amir Assap, Giza, Egypt (Instructor, Fouad Ist 
University) 

Ropinson, Ruees Ricwarp, Jr., Kansas City, Mo. 
(Jr. Engr., Howard, Needles, Tammen & Bergendoff) 

RoMMEL, RICHARD E., Chicago, Ill. (Struct. Design, 
Drafting, William Schmidt, Engr.) 

Sacus, 8S. L., Montreal, Canada (Struct. Design, 
Dominion Struct. Steel Ltd.) 

Sorenson, 8S. E., Corpus Christi, Texas (Struct. Drafts- 
man, Blucher & Naismith, Inc.) 

Stewart, M. W., Snyder, Texas (Engr., R. F. Ball 
Constr. Co.) 

Yamamoto, Y. Eugene, Chicago, Ill. (Design, A. J. 
Boynton, Inc.) 


Student 


Cano, Vicario RuBEN, Bigive, Mexico 

Cun, Timorny K., Ames, Ia. (Ia. State College) 

Cennor, James, Waterbury, Conn. (Univ. of Conn.) 

Girron, Darret D., Ames, Ia. (Ia. State College) 

Huang, T1, Ann Arbor, Mich, (Univ. of Mich.) 

Marquez, J. Micvet, Pittsburgh, Pa. (Carnegie Inst. 
of Tech.) 

seemanenee, Epaar, ne og re (Lehigh Univ.) 

McGowan, Joun P., Glendale, N 

Roy, Lzo, Jr. . Lafayette, Ind. (Pardue Univ.) 

SELL, RoBERT ay Madison, Wis. (Univ. of Wis.) 

SogawAana, TeRvo, Hokkaido, Japan (Hokkaido 
niv 

Sworw, Cartton Lamar, St. Petersburg, Fla. (Univ. 

of Fla. 

Tesepa, Hvascar, Storrs, Conn. (Univ. of Conn.) 

Wurrtcoms, G. M., St. John, Canada 

Yuan, SHana Wen, Berkeley, Calif. (Univ. of Calif.) 





Tools, Materials, Services 





Under this heading note will be made from 
time to time of producer literature of presumed 
technical interest (and available from its source 
for the asking) to ACI users of tools, equip- 
ment, materials, accessories and special ser- 
vices. 





Air-operated mounting clamp 

An air-operated mounting clamp has been designed 
to speed up attachment of external vibrators to load. 
It is claimed to be extremely advantageous when 
short periods of vibration are required. It is reported 
that no lengthy installation is necessary as air pressure 
applied first to the clamp causes specially designed 
jaws to grip securely onto a suitable steel member such 
as an exposed angle. 

It is said to be extremely beneficial in unloading 
trucks where in the past, lengthy time required in 
attachment of the vibrator to the load made vibration 
impracticable. Additional information may be ob- 
tained upon request.—Viber Co., 726 S. Flower, 
Burbank, Calif. 
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(Page numbers refer to News Letter) 
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The Institute assumes no responsibility for the claims of 
advertisers. The advertiser is made responsible in the 
belief that his place in the field will be determined by 
the public's ultimate measure of his exercise of that 
responsibility. 











DISCUSSION 


Discussion closed January 1, 1952 
Sept. Jl. ‘51 
Earthquake Resistant Design Considerations—R. R. Martel 


Comprehensive Numerical Method for the Analysis of Earthquake Resistant Structures—Charles S. 
Whitney, Boyd G. Anderson and Mario G. Salvadori 


Multistory Buildings Designed to Resist Earthquakes—John J. Gould 

Lightweight Concrete for Lower Construction Costs—J. A. Murlin 

Designing for Continuity in Prestressed Concrete Structures—Alfred L. Parme and George H. Paris 
Pumice—Lightweight Aggregate—Leslie |. Neher 


oy Products Formed in Cement Pastes at 25 to 175 C—George L. Kalousek and Milton 
ams : : 


Discussion closed February 1, 1952 


Advances in Precast Floor Systems—F. N. Menefee 
Manufacture and Use of Machine-Made Precast Structural Elements—A. G. Streblow 
Tilt-up Construction in Western United States—F. Thomas Collins 


Oct. Ji. '51 


Diagonal Tension in Reinforced Concrete Beams—Arithut P. Clark 
Coral and Salt Water as Concrete Materials— John G. Dempsey 


Load Carrying Capacity of Dowels at Transverse Pavement Joints—Henri Marcus 
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Title No. 48-39 


Exciting Adventures* 


By HARRY F. THOMSON? 


SYNOPSIS 
Retiring ACI President Thomson reviews the year’s activities of the 
Institute. He considers membership growth, financial condition, staff 
activities, committee work, special publications, intersociety relations and 
Institute meetings. Hé looks forward to increasing development of new 
techniques in concrete and new applications of this versatile material. 


OBJECTIVES 


The justification and the objective of the American Concrete Institute are 
expressed pointedly in the by-line at the bottom of the cover of our JoURNAL. 
This line reads—‘‘to provide a comradeship in finding the best ways to do 
concrete work of all kinds and in spreading that knowledge.’”” The comrade- 
ship envisioned in this statement is evidenced by the innumerable contacts 
made at our annual and regional meetings, and by extensive unofficial cor- 
respondence resulting from these personal contacts. We search for the best 
ways to do concrete work of all kinds through the steady stream of research 
and design work carried out by individuals and groups, and then summarized 
in papers and committee reports. And finally that knowledge is spread 
through the publication of these papers and reports in the Institute’s JouRNAL 
or in special publications distributed to our membership and others who are 
interested. The Institute staff itself does not conduct the research and 
development work, but serves as the clearing house through which progressive 
ideas in all fields of the utilization of concrete are passed on to the public. 


MEMBERSHIP 

This function of serving as a clearing house is a sacred mission, even though 
self-assumed. If we serve well in the nation’s economy, our organization 
grows; if not, we tend to wither. I am happy to report that by the two most 
tangible measures the American Concrete Institute is currently at the top 
of its long career. In point of members, we passed the level of 5500 early 
last month which was a sight set some years ago when your officers visualized 
doubling the membership. This happy result did not come from any sporadic 
membership drive but from a steady accretion which has testified to the 
merit of the Institute’s service. 
” *Presented at the ACI 48th Annual Convention, Cincinnati, Ohio, Feb. 27, 1952. Title No. 48-39 is a part 
of the copyrighted JouRNAL OF THE AMERICAN CONCRETE INstITYTE, V. 23, No. 8, Apr. 1952, Proceedings V. 48. 
Separate prints are available at 35 cents each. Discussion (copies in triplicate) should reach the Institute not later 


than Aug. 1, 1952. Address 18263 W. MeNichols Rd., Detroit 19, Mich. 
t+tMember American Concrete Institute, Consulting Engineer, St. Louis 5, Mo. 
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FINANCES 


Likewise in finances, our last year’s budget was the largest in our history, 
and I am especially happy that our year’s operations resulted in a comfortable 
balance in the black. The increase in dues rates which was ordered to letter 
ballot at our business meeting a year ago, and subsequently approved to 
become effective last July 1, of course contributed to this favorable showing. 
Your officers have appreciated the expression of confidence by our members 
in approving this increase. At the same time, the staff are to. be commended 
for exercising economies in the face of advancing unit costs, without curtailing 
services. For 1952 our estimated income of $155,000 will slightly exceed that 
of 1951 and should enable the Institute to resume the goal set by your directors 
some years ago of allotting a small percentage of gross income to reserve. 
It is interesting to note that dues account for only 55 percent of our gross 
income, most of the balance coming from sale of publications and advertising. 


LITERARY CONTRIBUTIONS 


Like other voluntary associations, our Institute depends on the mental 
and literary contributions of its members for the material presented in papers 
and reports, which reflect progress in our field of utilizing concrete. Authors 
of papers receive a certain amount of acclaim when their papers are published. 
The staff are continually on the lookout for more short papers, those which 
reflect new and adventurous thinking. A paper should not be withheld be- 
cause it is not, in its original form, a literary gem; submission of the paper is 
invited, with the expectation that the editors will do the required polishing, 
but without destroying the impression created by the author. A greater ex- 
change of ideas will aid the value and virility of our JouRNAL. 


COMMITTEE WORK 


But the unheralded workers for the Institute are the committee members; 
to these men I want to express a word of gratitude on behalf of our entire 
membership. There are 265 men serving on our working technical com- 
mittees. To me it has been an inspiration to note the continuous flow of 
correspondence among these members. ‘Twenty-one meetings of committees 
were held during this convention. In addition, several committees have held 
meetings during the year at other times than the Institute’s general meetings, 
attended in many cases by men who had no financial interest in the prob- 
lems under discussion but whose attendance represented personal sacrifices. 
When committee reports appear, we should recognize the serious deliberations 
which they summarize. To our committee members I extend a sincere 
“Thank You.” 


SPECIAL PUBLICATIONS 


A notable addition to our list of special publications, which it is expected 
will be issued shortly, is the “‘Proposed Manual of Standard Practice for 
Detailing Reinforced Concrete Highway Structures.” This document, 
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together with the original “Manual of Standard Practice for Detailing Rein- 
forced Concrete Structures,” which has been revised and reprinted to in- 
corporate the 1951 Building Code changes resulting from adoption of the 
A305 bar, represents a great contribution to the reinforced concrete field. 
These manuals are destined to become the standards for detailing practices. 
Great credit is due the members of the joint committee of ACI and the 
Concrete Reinforcing Steel Institute for the painstaking work during almost 
10 years in developing these most-important contributions. 

But while bringing out these new manuals the Institute is not neglecting 
the task of keeping our other widely-used special publications in line with 
modern practices. Our Building Code Committee is working on the modern- 
ization of the Code. This document is either covered by reference or forms 
the basis for provisions for concrete and reinforced concrete sections in many 
of the new building codes adopted in recent years. Revisions of our Inspection 
Manual and our Concrete Primer are also under way. 


INTERSOCIETY ACTIVITIES 


In the realm of contacts with other technical groups, our relations continue 
most cordial. Our steel friends were very cooperative in publicizing the 
Code provisions for the new A305 bars, which were approved by our con- 
vention a year ago. We were happy to be one of the six sponsors for the 
First Conference on Prestressing held at Massachusetts Institute of Tech- 
nology last summer which, by the way, designated the ACI as the organization 
to codify terminology and procedure in connection with prestressing. We 
were actively represented at the International Concrete Conference at Antwerp 
and at the Building Conference in London last summer. Our regional meeting 
next September will be held in Chicago at the time of the Convocation of 
Engineers which was initiated by the American Society of Civil Engineers. 
This will be a joint meeting with the Structural Division of ASCE, for which 
our committee has already arranged a full two-day program of important 
papers, including two by authors from outside this country. The project of 
producing instructional motion pictures of which we are co-sponsors with the 
Portland Cement Assn., is proceeding under a joint advisory committee of 
PCA and ACI. It is expected fhat two films on quality concrete will be 
completed before the end of 1952. Such cooperative activities form an 
important segment of ACI’s functioning. 

Another important activity of the past year was the regional meeting in 
St. Louis in October. This gathering was highly successful, both in attend- 
ance and in interest. Like our previous fall meetings, all arrangements, 
including the program, were handled by a local committee. Several inno- 
vations in the way of entertainment added a new zest to an Institute gathering. 


. 


STAFF CHANGES 


With the close of this convention, our organization passes an important 
milepost, or rather a 32nd milepost, as that is the length of service by Harvey 
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Whipple as our Secretary and subsequently Secretary-Treasurer. To many 
of our members and friends his personality has epitomized the energy, the 
judgment and the foresight of the Institute. He has earned the title among 
this generation of “Mr. ACI.” His retirement will remove a unique atmos- 
phere from the daily correspondence which many of us will miss. But all 
who have known Mr. Whipple will wish him contentment after he drops the 
reins of active office, and we trust we shall have the pleasure of greeting him 
at our conventions for many years to come. 

Your Board of Direction is confident that the affairs of the Institute will 
continue to be carried on effectively. Our headquarters staff is small but 
well trained. And Fred F. Van Atta, who has been designated Acting Secre- 
tary-Treasurer, after six years experience on the staff, is well equipped to 
continue the service to which our members are accustomed. 


FUTURE PROSPECTS 


Although we like to think of concrete as a universally accepted building 
material, I am convinced that we can look forward to new adventures in its 
applications. One cannot predict today what will be the developments of 
tomorrow, but progress in both design and construction is sure, and some 
of the results will bring excitement. I like to think of the story told of M. 
Freyssinet, the French structural designer, to the effect that after placement 
of concrete in one of his important arch bridges his excitement was such 
that he refused to wait the conventional 28 days, 6r even 7 days, but or- 
dered the centering removed after only 3 days, just to see if the bridge would 
stand—and it did! Similarly I think we can look for important advances in 
some of the concepts which have come forward in recent years. These in- 
clude prestressing and thin shells, both of which must prove their economic 
values under the conditions of material and labor costs in this country. There 
are also less spectacular fields such as precast units, structural shapes, light 
weight aggregates, and various methods of small house construction. 

Cement paste can be considered as a type of plastic; who can say that 
some day there will not be available an additive which will cause concrete 
to develop an important tensile strength, and thereby create a new phase of 
structural practice? 

The forerunner of these and other advances is the researéh work carried 
on in the large number of public and private agencies studying concrete. 
We will agree with the author of a recent article on concrete in a popular 
magazine who stated: “A healthy industrial technology keeps its basic 
research far enough ahead of practice to encourage constant improvement 
in that practice.” : 

We should not sell concrete short. It is a wonderfully versatile material, 
not yet developed or utilized to its full extent. If we think of it as “plastic 
stone,” we realize it is subject to our manipulation. And some of the results 
of that manipulation will bring exciting adventures on the road of progress. 
The prime objective of the Institute is to aid that progress. 





rt 


aut 


ar 
sic 
nt 





Title No. 48-40 


Wave Velocity in Concrete® 


By JOHANNES ANDERSEN and POUL NERENSTt 


SYNOPSIS 

Nondestructive testing of concrete has aroused increasing interest through- 
out the world as it presents a new approach to determination of concrete 
guality. A Danish timing device and its application to determination of the 
wave velocity in concrete specimens is described. The progress of hardening 
of concrete specimens was followed, and a hypothesis for the relation between 
wave velocity and age is presented. The method has been used on concrete 
in situ including measurements of concrete members damaged by exposure 
to fire or freezing at an early age. Measurements on concrete pavements 
give wave velocities with small variation. An appendix presents detailed 
procedure for calculating wave velocity and an estimate of concrete homo- 
geneity. 


INTRODUCTION 


Control of concrete quality has until recently been limited to destruttive 
testing methods, and in most cases the testing has been carried out on speci- 
mens. By destructive methods only a single test result is obtained from each 
specimen, and test series are accordingly very comprehensive as the scatter 
of results often approaches the differences expected between different series 
of test specimens. 

Nondestructive testing makes it possible to obtain many test results from 
a single specimen and thus permits following changes in the properties of 
concrete with time and external influences. Thus the resonant frequency 
method for the determination of dynamic modulus of elasticity developed 
in U.S. has been of great importance to the study of deterioration of concrete 
due to freezing and thawing cycles. 

The wave velocity method is also nondestructive but has a wider applic- 
ability than the resonant frequency method because the method may be 
applied to actual structures. 

Different apparatus and measuring procedures have been developed in 
the United States, Canada,? England* and France. In Denmark a wave 
velocity testing method,‘ has been developed and results were described in a 
report by the Danish National Institute of Building Research.* This paper 
is based upon these publications and later experience with the method. 
After a description of the apparatus and the measuring technique the varia- 
Commune tamanetn, Ve eh tor, itl, Pencnalings vk” een ate prints are avallchie oh 50 cunts ope. 


Discussion (copies in triplicate) should reach the Institute not later than Aug. 1, 1952. Address 18263 W. McNichols 
Rd., Detroit 19, Mich. 


Senior Engineer, Building Materials Section, Danish State Testing L aboratory, Copenhagen, Denmark. 
tAssistant Director of Research, Danish } National Institute of Building Research, Copenhagen, Denmark. 
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Fig. 1—Placing of pick-ups for 
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tion in wave velocity of concrete specimens with curing conditions and age 
is considered. The latter part of the paper deals with measurements on actual 
structures. 


APPARATUS AND PROCEDURE 


The condenser chronograph designed by Danish engineers Joergensen and 
Weibel has been used for ballistic measurements. An apparatus of this type 
also was used for the preliminary investigations at the Laboratory of Acoustics 
of the Academy of Technical Science. The following description is partly 
based upon a paper in Danish by Brink and Christensen-Dalsgaard.*® 

Fig. 1 illustrates the location of pick-ups for measuring propagation velocity 
of longitudinal waves in a beam. The pulse is produced in the beam by an 
axial blow against one end, A, of the beam. The waves produced are received 
by two pick-ups P; and P7;. : 


Crystal pick-ups seem to be superior to those of the magneto electric type. 
Experiments have shown that satisfactory contact is obtained when the 
pick-up needles simply rest on the surface of the object tested. Mechanical 
and electrical properties of the two pick-ups need not be exactly equal when 
several different pick-up spacings are used. 

Time measuring device 

The principle of the condenser chronograph is shown in Fig. 2. B is a 
battery, the terminals of which are connected in parallel with a resistance, 
R, a condenser, C, and a potentiometer with a resistance of 71. RV is a cali- 
brated de vacuum-tube voltmeter. J and JI are relays governing the electric 
connection to contact a and contacts a’ and b’, respectively. Initially, where 
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Fig. 2—Schematic diagram of con- 
denser chronograph (Foss Brink 
and Christensen-Dalsgaard’) 
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contacts a and a’ are connected, condenser C is charged up to a certain volt- 
age Vo. The chronograph is suitable for recording the time-interval between 
two electrical impulses, these impulses being brought to close each of the 
two direct current circuits. The direct current in the circuit clotsd by the 
first impulse passes through the coil of relay J, whereby contact wu is discon- 
nected. Thereby a discharge of condenser C through the resistance R is 
initiated. 

The direct current in the circuit closed by the second impulse passes through 
the coil of relay JJ, whereby contact a’ is disconnected and contact b’ is 
connected. This interrupts the discharging of condenser C’, the voltage of 
which at this time has decreased to a value V;. The time interval, ¢,, between 
the disconnecting of contacts a and a’ is found from: 


i eS CU hed ced avcbn Gan eee cae oke nase sueeeerbns (1) 
Where 


e 


the base of natural logarithms 
R, = resistance of R 
C, = capacity of C 

Then 


y 
i, = — RC, log. "3 is Passa Rial aiken ceili dba tadntenasebienitl (2) 


When &,, Ci and V;/Vo, the ratio of the condenser voltages before and 
after the discharge are known, ¢; can be found. After the measuring period, 
the contact b’ is connected, so that the direct current load, and, consequently, 
the voltage at the terminals of battery B is the same as immediately before 
the measuring period. 


The V,/V> ratio may, therefore, be found by adjusting potentiometer r; 
until the tube-voltmeter indicates zero voltage difference at its terminals. 
Suppose now the voltage-ratio of the potentiometer to be f, then 


Fi. SE A sca aod cave hes cae sD tS whee DERE EVE SKe ENA See ae (3) 
and consequently 
i RPS see bowiacca sow waren sue kin eetaenek. Meeks au eemews (4) 


In practice the potentiometer r is provided with decades of tenths and, 
prior to the measuring period, the vacuum-tube voltmeter is so calibrated 
that full deflection. corresponds to 1/10 of the voltage Vo. The ratio f is thus 
determined to three decimals through combination of the reading on the 
potentiometer and the reading on the tube voltmeter RV. 

In making a measurement the two pick-ups P; and P;,; (Fig. 1) govern the 
direct current circuits through the coils of relay J and IJ, respectively (Fig. 2). 
The principle of the governor circuits of the relays will be apparent from 
Fig. 3. 

The pick-up voltage passes, screened, through a stepwise adjustable HP 
filter of the RC type. The filter is introduced to damp disturbing low-fre- 
quency impulses originating from possible irrelevant vibrations of the pick- 
up; the frequency limit is 500 rps. From the filter the pick-up voltage is 













JOURNAL’ OF THE AMERICAN CONCRETE INSTITUTE April 1952 


















































‘ ‘ Relay (i) 
Pasa : @ is f i 
7 7 a 
Pick-up a 2 - step Thyratroa breaker 
Pin RC -filter amplifier with variable negative 





grid tension 











Fig. 3—Schematic diagram of relay circuits of condenser chronograph 


carried to the primary potentiometer of a two-step resistance coupled ampli- 
fier, and further to a thyratron with negative grid tension, and the coil of 
relay I (or JJ) is inserted in the anode circuit of the thyratron (see Fig. 3). 
When the amplified pick-up voltage led to the thyratron grid exceeds a 
certain value the thyratron will let the current pass through the coil of 
relay I (IJ), whereby the relay comes into action. 

Generally a sensitivity of 1 mv is applicable whereby a slight blow on the 
object, for example with a fingernail, near the pick-ups will actuate the 
thyratrons. 

As mentioned above the two pick-ups need not possess exactly equal prop- 
erties. Correspondingly the two relays, J and JJ in Fig. 2, and their governor 
circuits (Fig. 3) need not be completely equal. Linear differences of the two 
pick-ups, the governor circuits, or the relays will appear as a constant error, 
to, in the time, #1, recorded. t¢) may be termed zero-time and may be ascer- 
tained when the pick-ups are so placed that they are simultaneously actuated 
by the wave pulse. ¢) can be read directly on the chronograph, if only the 
greater pulse delay is found in the circuit to relay J7. This has been taken into 
consideration in the design of the apparatus. It may be necessary to connect 
the pick-up with the greater delay to relay circuit JZ to obtain a positive, 
and measurable, value of fo. The zero time, éo, can be changed through an 
adjustment of the amplification of the relay circuit. When the propagation 
time of the wave pulses in an elastic material is measured as a function of the 
pick-up spacing, both propagation time and zero -time can be determined 
graphically or by computation. 

Measuring technique 

In the preliminary investigations at the Laboratory of Acoustics the test 
specimens were marked at 10 cm intervals, the pick-ups being placed at these 
marks. The wave pulse was produced by an axial blow with a hammer, either 
directly by hand or by letting the hammer make a definite pendulum move- 
ment; strokes of equal force being used during the entire series of measurements 
on a beam. . 

For investigations at the Danish State Testing Laboratory requiring 
numerous tests a procedure allowing a rapid completion of the individual 
tests by a single person was required. 
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Fig. 4—Joergensen & Weibel condenser chronograph for measuring wave velocity in concrete 


Guide beam for pick-ups 

For routine testing of a large number of specimens it is important to have 
a simple and reliable arrangement to keep the two pick-ups in correct posi- 
tions and a definite spacing. Test specimens at the Danish State Testing 
Laboratory were initially marked every 10 cm but this marking requires 
much time and locations were not exact, so a guide beam for the pick-ups 
was introduced. 

The guide beam is a channel section, 110 em long, provided with slots very 
exactly located every 10 cm. The pick-ups are mounted on brass rods fitting 
exactly into the slots. Vertical adjustment of the pick-ups is easy as the 
pick-up arms are hinged. The guide beam may be seen at the left in Fig. 4. 
Use of this guide beam makes marking of observation points on the specimen 
unnecessary. However, it should be certain that pick-up P, is at a constant 
distance from the point of impact when it is fixed at the outermost cut. 
Electric hammer 

For the preliminary investigations the pulse was produced by hand with 
a hammer. Later an electrically operated hammer simplified the procedure. 
An electromagnet attracts an iron core, and compresses a spring at the same 
time, the current being supplied by a 6-volt battery and is governed by a 
foot control. When the control is released, the magnet in turn releases the 
core which is pushed against the end of the specimen by the spring. 

In this way light uniform blows are obtained and the spread of the data 
obtained is smaller than when blows are of varying force because the velocity 
measurement depends to a certain extent on the steepness and shape of the 
wave front and, consequently, on the energy of the impact. Experiments® 
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have shown that the force of the blow has to be increased when the volume 
of concrete specimens is increased; thus the blows of the electric hammer are 
too small for measurements on road slabs. 


Measuring procedure 

In the authors’ investigations no influence from the supporting medium 
on the longitudinal wave velocity was observed. For the sake of safety, 
however, the test specimens were placed on felt strips throughout. 

It proved preferable to place pick-up P; at a distance twice the sectional 
dimension of the specimen from the place of impact. P;;, on the other hand, 
may be placed quite close to the other end of the specimen without any 
disturbance to the longitudinal wave velocity being observed by reflected 
waves. 

Test beams 10 x 10 x 120 cm were used in most cases. P; was placed 
20 cm from the point of impact and remained there during the entire obser- 
vation series on the specimen, whereas P;; was placed at distances of 10, 20, 
30 ... 90 em from P;. Five readings of the tube-voltmeter were taken for 
each position of P;;, and the arithmetic mean was calculated. The f values 
measured are transformed into traveling times in micro-seconds through 
tables worked out on the basis of Eq. 4. 

This arrangement and an experienced operator makes it possible to test 
a 120-cm beam in 3-5 minutes although as many as 45 readings may be 
required. ; 

Appendix A describes in detail the further treatment of the test results, 
from which the average wave velocity c; and the zero time t) may be found 
graphically or by the method of least squares. It is shown that the scatter 
of observations for a given pick-up spacing is less than 1 yw sec. <A detailed 
statistical treatment of the test results provides an estimate of the inhomo- 
geneity of the concrete. 

From the wave velocity it is possible to compute the dynamic modulus of 
elasticity by well-known formulas, which, however, assume knowledge of 
Poisson’s ratio and density of concrete. In addition the type of formula 
applicable to this method depends upon the sectional shape of the specimen. 
Poisson’s ratio is difficult to determine and changes. with time during curing 
as demonstrated by Jones.* In the present paper the wave velocity is used 
directly, as the computation of the modulus of elasticity, in the authors’ 
opinion, has no advantages. 


MANUFACTURE OF CONCRETE SPECIMENS 
Materials 


In the laboratory investigations ordinary portland cement (Type I) and 
Rapid cement were used, the latter being a high-early strength portland 
cement (Type III). For each of the cement types, mixes with 150 and 300 
kg of cement per cu m of concrete were used. 

The aggregates were of the type generally used in Copenhagen, 7.e., rounded 
coarse aggregate taken from the sea shores and consisting of varying propor- 
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tions of quartzite, granite, flint and feldspar, while the fine aggregate is 
taken from the bottom of the sea and is composed mainly of quartz. The 
grading used is shown in Fig. 5. 

The amount of water added was so regulated that one half of the series 
of test specimens had a slump of 5 em, and the other half 15 cm. 


Manufacture 

Mixing was done in a 50-liter positive, rotating pan Eirich mixer. The 
materials were dry-mixed for about two minutes before adding the water, and 
thereafter was continued for three minutes. The mix was placed into four 
prismatic molds, 10 x 10 x 120 em, and vibrated for one minute. A vibrating 
table with a frequency of 50 rps was used. The test specimens remained 
in the molds, covered with wet sacks until the following day. Then they 
were stripped and stored under water until tested. 


RELATION BETWEEN WAVE VELOCITY AND CURING CONDITIONS 


The water contained in the concrete has considerable influence on the 
modulus of elasticity found by the resonant frequency. This has been shown 
by Obert and Duvall,7 Long and Kurtz* and Axon, Willis and Reagel.® ' 
Preliminary investigations with the condenser chronograph proved the correct- 
ness of the assumption of an interrelation of wave velocity in concrete and the 
percentage of water contained. 

Fig. 6 shows the variations of wave velocity with age found for four beams 
of a series with 300 kg of portland cement per cu m of concrete, and c/w = 1.67. 
The specimens were stripped after 24 hours moist curing. Two of the 
beams were cured under water, and the other two at a relative humidity of 
80 percent. The temperature was in both cases 18 C. It is seen that the 
wave velocity of the conditioned beams increases at a lower rate than for 
the water-cured beams, and that the wave velocity reached a constant level 
or decreased slightly after two weeks curing. This means that the decrease 
owing to drying exceeds the increase due to hardening. Beams were, there- 
fore, cured under water until tested. 
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VARIATION OF LONGITUDINAL WAVE VELOCITY WITH AGE 


A series of beams made for the preliminary investigations were cured under 
water at normal indoor temperature. Wave velocity tests were made fre- 
quently, and series of corresponding values of wave velocity and age were 
obtained. 

The curves in Fig. 6 representing the relation between age and wave ve- 
locity were drawn estimatively. This procedure is satisfactory when many 
observations are at hand, and when the scatter of values is small. 

An objective judgment on shape and location is obtained by a regression 
analysis by the method of least squares. A regression analysis requires a 
hypothesis with respect to the type of mathematical function that represents 
the interrelation of the two variables, 7.e., a hypothesis on the shape of the 
curve in general. Even in the case of a rather complex type of function it may, 
in many cases, be possible through appropriate transformation of the vari- 
ables to apply an ordinary linear regression analysis. 

From theoretical considerations supplemented by a series of trial calculations 
it proved convenient to apply a function of the type 


co=atyxXe~4lt ance hes Fa itn cathg pile aie a om es ss ised tice iach aa ss 5 a 
where 
c, = longitudinal wave velocity in km per sec. 


¢t = curing time in days 
a, y, and 6 are constants. 
c, is seen to be minimum, equal to a, when {> 0. When? — o the curve 
has a horizontal asymptote 
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If the constant a has been found or estimated by other means computations 
are simplified considerably, the function being transformed into: 


log (c: — a*) = log y — B/t loge (a® = a)... cece cece cece ccccceecs (6) 

z.e., the logarithm of the difference of the wave velocity in green concrete 
(t = 0), and at the moment of testing is a linear function of the reciprocal 
of the curing time. Hence, in plotting test results, where log 1/t values are 
abscissae and log (c; — a*) are ordinates, the hypothesis will involve an approx- 
imation of the points to a straight line. Based on a test series, estimative 
values of the two parameters, a and 8, of the straight line could be so calculated 
that the sum of the squares of vertical distances from the marks to the line 
will be minimum.?!° 


Attempts to measure the wave velocity of green concrete were unsuccessful, 
due partly to considerable damping of the impulse, and partly to difficulty 
in transferring the impulse from concrete to pick-ups. Green plastic concrete 
may be considered as a suspension of cement, sand, and gravel in water, in 
which the individual grains are enveloped by a film of water that prevents 
direct contact between the grains. Besides, a small quantity of air (1 or 2 
percent by volume) is contained in the concrete. 

Previously it was assumed that the velocity of propagation waves in the 
fresh concrete would have a lower limit determined by the wave velocity in 
water, 7.e., approximately 1.4 km per.sec. Experiments in Paris‘ have shown 
that the velocity of wave propagation in cement paste immediately after 
mixing has a value of approximately 0.2 km per sec. This velocity slowly 
increases until initial set takes place and during the setting period the veloc- 
ity increases rapidly. During hardening the wave velocity increases at a 
diminishing rate. The phenomenon of the low velocity in the initial period 
has been explained by L’Hermite. The theory is that one is not measur- 
ing velocity of the wave propagation, but the velocity of propagation of 
energy, where the solid particles suspended in the liquid have to transfer 
vibrating energy from one particle to another in a way analogous to coupled 
pendulums. The velocity of transmission of this vibrating energy between 
the particles is much smaller than the wave propagation in water. 

The formulas for the relation between velocity and curing time are in- 
tended to cover only the hardening period, and by trial it was found that an 
initial velocity a of 1.5 km per sec was most suitable. According to the 
formula and initial value of the wave velocity of hardening concrete, the 
computed values of log (ce: — 1.5) and 1/¢ are plotted in Fig. 7 for three 
different series of specimens with portland cement. 

The points in Fig. 7 randomly approximate straight lines, so that the hypo- 
thesis applies to ages from 1 to 28 days. Extrapolation beyond this interval 
is not justified, however, especially as far as short periods are concerned, 
because the setting period may cause deviations from the hypothesis. 


The composition of ‘the three mixes is shown in Table 1, where the compo- 
sition of four test series with Rapid cement is also given. 
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The type of equation chosen involves a considerable scatter of the points 
in the graphic representation for short curing times. This applies, for example, 
to the points in Fig. 7 for c/w = 0.83. Observed velocities are given in 
Table 2 and the scatter of the results from the six beams is computed, the 
difference of the curing times being neglected. The coefficient of variation, 
v, of results from six beams from one batch amounts to 3 percent for tests 
after one day curing. This scatter is rather small compared with results of 
destructive tests on concrete after short curing periods. 


TABLE 1—COMPOSITION OF TEST BEAMS AND EQUATIONS FOR WAVE 


VELOCITIES 
oS Gag lee Gee ee 
Type | Cement,| Water, | | 
of | kg per ] per cu c/w w/e | log B log. Eq. for c: ci for t= 
cement | cu m ™m 
aie | ii 
| — 0.35 
300 140 2.14 | 0.47 | 0.485 —0.152 15+3.06e ¢ 4.56 
— 0.46 
Portland 300 180 1.67 0.60 0.470 —0.198 1.5 + 2.956 t 4.45 
— 0.91 
| foe 
150 | 180 0.83 1.20 0.429 —0.397 1.5 + 2.69¢ t 4.19 
‘ — 0.38 
300 170 1.77 | 0.56 | 0.457 —0.165 1.5 + 2.866 t 4.36 
— 0.48 


300 190 1.58 0.63 0.455 —0.210 1.5 + 2.85¢ 4.35 
Rapid } 
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TABLE 2—OBSERVED VELOCITIES IN 
CONCRETE BEAMS 
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j Age, o | wm |ax1o0:| a: x10 
" hours km per sec. |km o- 4. 
. 23 | 2.76 1 +1 | 1 
28% | 2.68 i=-7/| @ 
281g | 2:85 2.75 | +10 100 
28% | 2.84 + 9 81 
2.73 | =—3 4 
3014 | 2.64 | —141 121 
jas {= xX 10* = 0.084 km per sec 
0 
= wank 3 percent 10' X ZA? = 356 

It will be apparent from Fig. 7 and Table 1 that an increase of w/c causes 
a reduced rate of development of the wave velocity, and the ultimate value 
is lower. 

Fig. 8 represents the wave velocity in a coordinate system, where c; is 
ordinates in ordinary arithmetic scale, and curing time is abscissae in loga- 
rithmic scale. Horizontal asymptotes, corresponding to wave velocity after 

‘ infinitely long water curing, are shown in dot and dash lines, assuming the 
| relation to apply beyond 28 days. The wave velocity for ages below 24 hours 
is indicated by dotted lines, the relation being assumed to apply also within 
this interval. 
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Table 1 contains values for 3 series with Rapid cement. The 6 and y values 
are determined in the same way as for portland cement, 7.e., by the method 
of least squares. The curves are shown in Fig. 9. It will be seen from Table 
1 that changes of w/c affect 8B considerably, whereas y is more sensitive to 
changes of the aggregate-paste ratio. This applies especially to the Rapid 
series, where y + 1.5, in column 8, corresponding to the wave velocity after 
infinitely long curing time, has almost equal values when the cement con- 
tents are equal. Halving of the cement contents, on the other hand, involves 


a rather considerable change of c; fort = @, 

Corresponding 6 and w/c values are given in Fig. 10. The points for port- 
land cement approximate a straight line through the origin and B = 0.75 
w/c, whereas the values for Rapid cement are scattered somewhat more. 
The deviation is particularly pronounced for 6 corresponding to w/e = 1.45. 


The limited number of tests does not allow a definite statement on the 
applicability of the relation. Until further test results are at hand the follow- 
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ing preliminary hypothesis may be used: 8 = k X w/c, where k is a constant 
depending on the cement type and storage conditions for the cement. Be- 
sides, k will depend on the curing temperature of the concrete. Hence, 6 
is intimately related to the progress of the process of hardening, while y is 
thought to depend on the composition of the test specimen after the hardening 
has come to an end. y is therefore expected to be dependent on the voids 
volume in the hardened concrete, the cement-aggregate ratio, and the elastic 
properties of the aggregates. 


USE OF CONDENSER CHRONOGRAPH TO TEST OF CONCRETE IN SITU 


The condenser chronograph is supplied with electric energy from dry cells 
and a storage battery and is consequently independent of local electrical 
sources. The apparatus is built into two strong cases and is well suited for 
use in the field. In the following the advantages of the condenser chronograph 
for field measurements are dealt with in general, together with minor changes 
in testing technique that may be desirable. Finally, investigations of various 
concrete structures are described. 

Testing technique 

For testing materials in place determination of the longitudinal wave 
velocity has the advantage that no definite shape of specimens is required, 
as in the case of measurement of resonant frequency. Observations have 
been made successfully on reinforced concrete structures such as decks, 
roads, runways, slabs cut from structures, and beams. 

The individual observations require very little time so that the desired 
number of observations, generally five spaced at 10 cm, present no difficulty. 
The observation points are located on a straight line in the direction of the 
impact. Pick-up I is fixed not too close, usually 20 or 30 cm, from the point 
of impact, while pick-up JJ, by means of the guide beam (Fig. 1), is moved 
along in 10-cm steps as far as the vibration possesses sufficient energy to 
actuate the thyratron circuit. In some cases pick-up JJ has been fixed at the 
greatest possible distance from the place of impact and pick-up I moved 
stepwise towards the: place of impact but obviously this did not cause any 
difference in the results. The concrete surface to be tested must be carefully 
cleaned as loose grains and dust may influence the results considerably. 

When the concrete has an accessible and comparatively plane surface at 
right angles to the surface used for the observations, the impacts producing 
the vibrations may be applied to this surface. In the case of decks mono- 
lithically connected to other structural members, and without accessible 
surfaces suitable for application of the impulse, it is not necessary to produce 
such an accessible surface directly. At the center of a panel a hole may be 
drilled in which a steel rod is fixed by cement-sand mortar. Impulses are then 
applied through this rod. When time is limited, a sulfur-kaolin mixture 
may be used to fix the rod so that observations can be made immediately. 

For observations on beams, where no essential damping of the vibrational 
energy occurs, a small electromagnetic hammer can be used to apply the 
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impulses. Comparatively weak impulses cause no error of importance. 
In concrete slabs, where the vibrational energy is spread into greatly in- 
creasing sections with distance from the place of impact, more powerful 
impulses are necessary, and a pendulum hammer is recommended. 


Measurements of fire-damaged concrete 

At a factory working with gasoline a two-story reinforced concrete building 
was constructed in 1913. It was divided into three sections: A, B, and C. 
An explosion took place on the ground floor of section A, and the concrete 
slabs of the deck above were damaged by the explosion, but the exposure 
to fire was of very short duration. In section B a sack storage caught fire. 
The concrete above this storage room was partly exposed to fire for several 
hours. In section C no essential damage was caused either by explosion or 
fire. In section B cracks and spalling of concrete in columns, beams and 
deck slabs were noticed. 

It was desired to ascertain the extent of the damage by some testing method. 
After due consideration it was decided to determine the longitudinal wave 
velocity in intact and damaged concrete to obtain a comparative basis for 
judging the extent of damage. 

The concrete slab had a thickness of 12 cm, and was supported by main 
and secondary girders spaced at 3.4 and 3 m, respectively, z.e., the panels 
were 3.4 x 3m. The slab had a two-way reinforcement of 8 mm diameter 
bars spaced at 8 cm and the cover was 1 to 2 cm. 

At the center of panels to be investigated steel rods were fixed to transmit 
the impulses. Testing points were marked by lines in the longitudinal direc- 
tion of the building, and when possible also in the transverse direction. The 
asphalt flooring was removed on both sides of the lines, and the concrete 
surface was carefully cleaned. For application of impulses a pendulum 
hammer was used. Observations were made at 9 points of each line with 
5 observations at each point. 

In section A an average wave velocity of 3.45 km per sec was found with 
a standard deviation of 0.28 km per sec as a result of 6 observations. In 
section C average wave velocity determined from 4 individual observations 
was 2.85 km per sec with a standard deviation of 0.09 km per sec. In section 
B the area was divided into 2 parts, v7z., one area including approximately 
50 percent of the total deck area, where the results indicated that the con- 
crete was so heavily damaged that it had to be replaced. As a result of 40 
observations an average velocity of 2.16 km per sec was obtained. The 
standard deviation was in this case 0.38 km per sec. The adjoining area of 
section B had an average wave velocity of 2.98 km per sec and a standard 
deviation of 0.29 km per sec. In this case 16 observations were recorded, 
each of which was determined from a total of 45 readings of f values as pre- 
viously described (Table 3). i 

The wave velocity was considerably lower.in section B;, the section where 
the concrete later was replaced. The wave velocity in section By was about 
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TABLE 2—SUMMARY OF RESULTS FROM 
A FIRE-DAMAGED CONCRETE 
STRUCTURE 

| 


Average 
|Numbers| W@ve ve- 
Section lof obser- |locity, cz, 
| vations |km per | Per sec 

sec 





Standard} 
deviation} 
se, km 








Remarks 





A 6 | 3.45 | 0.28 | Place of explo- 
| | | sion 
Bi | 40 | 2.16 | 0.38 Exposed to fire 
| | for several hours 
B2 14 2.98 0.29 Exposed to fire 
| for a _ shorter 
| | period 
Cc | 4 | 2.85 0.09 Not damaged 





the same as in section C, but the variation is considerably higher, indicating 
a much lower homogeneity. Wave velocity even for the undamaged con- 
crete in this old building was considerably lower than for similar concrete 
cured for 28 days, where the wave velocity is 3.7-3.9 km per sec. depending on 
the cement content and initial water content. 


Frost damaged concrete floor 

A concrete floor slab was exposed to freezing without adequate protection 
immediately after placing. Consequently, the coarse aggregate at the surface 
was loose, and the mortar had obtained very little strength. When hit by 
a hammer the concrete had a dead ring. From inspection the impression was, 
however, that the damage was only superficial, and the concrete was con- 
sequently subjected to an investigation by the chronograph after approxi- 
mately one month curing at low temperature. The measurements were 
made on the top and bottom surfaces of the slab. In the latter case the pick- 
ups were fixed to the guide beam and kept in contact with the concrete by 
small spiral springs. Results are given in Table 4. 

It will be noted that the wave velocity is considerably higher at the bottom 
than at the upper face and approximately that expected of this type of con- 
crete type after the normal curing period. 

The factor of inhomogeneity, s,, in Table 4 is computed according to for- 
mulas stated in Appendix A. It is primarily an estimate of the variation in 
wave velocity within the measuring length. For normally-cured undamaged 
concrete manufactured in the laboratory the factor of inhomogeneity is 
approximately 1 yu sec. In this case the factor of inhomogeneity is rather 


TABLE 4—WAVE VELOCITY OF FROST 
DAMAGED FLOOR SLAB 


| Factor of | Uncertainty 





Wave inhomo- of obser- 

velocity, | geneity, Yations 

ci, km/sec | 8a, usec St, w sec 
— ae et aa Riise a ze 
Upper } 1 3.14 | 14,3 0.3 
face | 2 | 3.25 | 16.9 0.8 
| Mean 3.20 | 16.0 | 0.6 

Bottom | | | 

face | | 3.79 | 6.6 | 1.2 
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TABLE 5—INVESTIGATION OF A 
CONCRETE GIRDER 


| 








Mean wave velocity, cz 3.17 km per sec 
Uncertainty of observations, st | 0.2 psec 
Factor of inhomogeneity, sa 8.6 uw sec 


Mean density of 20x 20x 20- | 
em cubes | 2.14 + 0.01 kg perl 
Mean compressive strength | 108 = 5 kg persqem 


high in the bottom face, and the upper face of the slab has values more than 
twice this value. This is probably due to lack of bond between mortar and 
coarse aggregate. 

The uncertainty of observations, 3,, is computed according to formulas 
developed in Appendix A. §& makes it possible, by comparison with s,, to 
determine to what degree the variations in wave velocity are due to the 
apparatus. 

Measurements on a concrete girder 

At a building enterprise with only occasional supervision the quality of a 
concrete girder was supposed to be lower than specified, and consequently it 
was decided to investigate the concrete quality by the wave velocity method 
and by compressive tests on 20 X 20 X 20-cm cubes sawed out of the con- 
crete member. The results are given in Table 5. 

All these determinations are in accordance with each other and indicate 
that the quality of the concrete was considerably lower than the specifications, 
which called for a concrete with a compressive strength of 250 kg per sq cm. 
A simple relation between compressive strength and wave velocity does not 
exist, but experience gained in the laboratory from routine testing of a large 
number of control beams delivered from building sites in the vicinity of 
Copenhagen indicates that concrete of this type with a rather high water 
content, say 200 1 per cu m should have a wave velocity of 3.8 km per sec 
and a sq value of 2 uw sec after 28 days curing in air. 

Concrete pavements 

Danish specifications for concrete pavements call for control of the con- 
crete quality during construction by determination of the compressive strength 
of 20 x 20 x 20-cm cubes and the modulus of rupture of 10 x 15 x 80-cm 
beams. Furthermore the -pavement is investigated after completion by drill- 
ing of 6-in. diameter cores, whereby it is possible to control thickness of the 
pavement and obtain compressive strength of the cylinders and voids volume 
of approximately 500 g specimens taken from top and bottom of the broken 
cylinder. 

The contract usually contains elaborate formulas for computing penalties 
and reductions in the contract sum or extension of the guarantee period from 
five to seven years. These measures are taken when the thickness or the 
cylinder strength is deficient. The drilling technique has, however, in a 
number of cases been inadequate so that the compressive strength results 
have shown a great scatter with several test results below the minimum 
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TABLE 6—TEST DATA FROM RUNWAY 
TEST SLABS 

|Wave velocity,| Number |Compressive | Number 
Test | km per sec jof obser-| strength, |of obser- 
Sla | - vations |kg per sq cm) vations 

| cl | 8e | 5 | aa al 
A |4.59| 0.12| 28 |450| 14 | 3 
B 4.35 | 0.17 | 30 450 21 | 3 


strength. This has been especially true when the coarse aggregate has had 
a maximum size of 3 in. and when the pavement thickness has been greater 
than 8 in. 

There has consequently been a need for new testing methods for deter- 
mining concrete quality of completed pavements. Following are some results 
obtained in the field on concrete pavements. Due to security reasons a great 
number of test results from airports have been classified and cannot be pub- 
lished at present. 


Measurements on test slabs—After completion of runway extensions at a 
civil airport, a number of the cylinders showed too low cylinder strengths. 
To demonstrate that the concrete quality nevertheless was sufficient, the 
contractor cut out 1 x 1-m test slabs 30 cm thick in the vicinity of the 
cylinder holes, where the compressive strength of the cylinders had been too 
low. A grid of measuring lines 10 em in each direction was drawn on the 
test slab, and the wave velocities were determined within the area, where 
later on three 30-cm cubes were cut out and tested in compression. Results 
are stated in Table 6. 

Mean velocity was computed as an average of 28 and 30 single observations 
on a measured length of 10 cm, respectively, as only part of the grid covered 
the concrete from which the cubes were cut. The standard deviations of the 
wave velocities stated consequently apply to much shorter lengths than 
normally employed and are accordingly higher. An estimate of s, for test 
slab A is 0.6 » sec and for test slab B is 0.9 u see. 


The wave velocities are those of rather high quality concrete, as concrete 
with a cement content of 300 kg per cu m and a water-cement ratio below 0.5 
normally gives wave velocities above 4.20 km per sec after 28 days curing. 
The indicated compressive strength is considerably higher than anticipated 
from the test cylinders, which both had shown computed compressive strengths 
of 15 x 30-cm specimens lower than 250 kg per sq cm after 2 months curing. 
It should also be noted that the standard deviations of wave velocity and 
compressive strength are higher for test slab B than for test slab A. 


Concrete Runway Tested in Situ—Many measurements have been made 
on concrete pavements in the last three years and the results from a concrete 
taxiway are given as an example. The pavement was constructed during 
the German occupation and no data with regard to mix proportions and 
other characteristics are available, but it is known that this type of work 
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TABLE 7—WAVE VELOCITIES OF A CONCRETE PAVEMENT 








Slab No. 1 | Slab No. 2 Slab No. 3 
| | 
| cl, | 8a, | cl, | Sa, | | cl, | 8a, 
Station km per sec | sec Station km per sec usec | Station | km per sec | H sec 
| | 
2006 4.25 2.6 2006 | 4.2 } 3.1 
| 4.: 3.4 | 2040 | 4.27 | 3.6 
2080 4.20 5.6 | 4.3 2.1 | | 
4. 2.5 | 2120 4.13 2.7 
2160 4.39 | 1.8 4. 5.0 } 
| | | 4.3 6.0 | 2200 4.22 5.4 
2240 4.21 | 3.1 4. 3.6 | | 
| 4. 4.6 2280 4.20 | 2.7 
2320 4.24 | 0.8 2 4 6.2 | | 
2: 360 4.2 2.8 2360 4.23 1.8 
2400 4.32 1.9 2400 4.26 4.0 | 
2440 4.26 2.2 2440 4.30 1.4 
2480 4.06 5.9 2480 4.33 1.6 
cr. = 4.24 km per sec | cit = 4.32 km per sec ci. = 4.23 km per sec 
= 0.10 km per sec = 0. km per sec se = 0.06 km per sec 
3.§ 3.2 





3.6 pwsec Sa usec Sa = 3.2 psec 


usually is inferior to pavements constructed in peace time. Results appear in 
Table 7. 

In slabs 1 and 3 determinations were made at approximately 80-m inter- 
vals, and in slab 2 at 40-m intervals. For each measuring length 10 different 
pick-up spacings were used, and for each spacing 5 readings were taken. 

There is little difference in the average wave velocity for the three slab rows. 
The results show, however, that slab 3 has the lowest between-profile 
standard deviation of the wave velocity and the lowest value of 3,, the latter 
being an estimate of the within-profile variation. 


CONCLUSIONS 


1. The condenser chronograph measures time intervals for a fixed pick-up spacing 
with a standard deviation below 1.0 yw sec. 

2. From the observations it is possible to determine the average wave velocity 
either graphically or by computation. 

3. If the average wave velocity is presented as a straight line, the individual points 
representing the average traveling times for different —~ -up spacings will be dis- 
tributed at random about the straight line. 

4. Over-all estimates of the deviations from the straight line are in most cases larger 
than justified by the scatter of the readings. 

5. The over-all estimate of variation in wave velocity is presumed to reflect inho- 
mogeneity of the concrete. 

6. Variation in wave velocity within a profile is much greater for concrete pre- 
viously exposed to damaging influences such as frost and fire than for normally 
cured concrete. 

7. The wave velocity method is suitable to follow changes in concrete due to 
hardening, and a hypothesis of the relation between increase in wave velocity after 
final set of water-cured concrete beams and curing-time is represented. 

8. It is shown that water cured specimens obtain high wave velocity more rapidly 
than specimens cured in air of 80 percent relative humidity. 

9. It is expected that different treatments of the concrete may be reflected in the 
wave velocity. 
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10. The method used has proved to be suitable for measuring wave velocity in 
actual structures, whereby a discrimination between concrete of high and low quality 
may be made. 
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CALCULATION OF WAVE VELOCITY 


As previously described, 5 determinations of the residual voltage of the condenser are 
made for each pick-up spacing, and in investigating a 1.20-m beam 45 readings are, thus, 
to be made, the distance from the first pick-up to the point of application of the pulse always 
being 20 cm. For each pick-up spacing the arithmetical average is computed, and the read- 
ings are transformed into micro-seconds by means of a table worked out with due consider- 
ation of the characteristics of the particular apparatus used. The subsequent treatment of 
the results may proceed in various ways. 

Graphic method 

By the graphic method corresponding values of pick-up spacing and transmission time 
are plotted in a coordinate system, spacings as abscissae and times as ordinates. The points 
thus obtained approximate a straight line. This line is so drawn that all the vertical distances 
from the marks to the line are, estimatively, as small as possible (Fig. 11). The inclination 
of the line represents the average wave velocity. The line intersects the ordinate axis at a 
point with ordinate to because the two circuits are not equal, electrically. This zero-time 
corresponds to zero pick-up spacing. The zero-time depends on the amplification in the 
circuits and can, therefore, not be determined once for all. This fact does not mean anything 
to the applicability of the-method, however. 

The graphic method possesses the advantage of affording a possibility to localize cracks 
in the concrete indicated by parallel displacement of this line or other irregularities. The 
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Fig. 11—Relation between travel- 
| | ing times and pick-up spacings 
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method requires considerable exactitude in plotting the points and, involves of course, a cer- 
tain arbitrariness in drawing the straight line. 
Method of least squares 

By this method the aforementioned straight line is so determined that the sum of the 
vertical distances of the marks from the line is a minimum. 

Each of the m sets of pick-up spacing and wave velocity corresponds in this. coordinate 
system to a point (d,, tn), whereby n = 1,2,3...... m, and ¢, is the time recorded, in micro- 
seconds, corresponding to a pick-up spacing d,, expressed in cm. 

The straight line is expressed by 


1 i 
ee es Re ewe carisdasasneks anes wansinvin ior Gamiew andes enced (7) 
C1 ° 
Where 
¢ = transmission time corresponding to an arbitrary pick-up spacing, d 
m ' 
G === d,, 7.e., the average of the pick-up spacings 
m 
n=1 


c, = the unknown wave velocity, in em per micro-second 
k = an unknown constant 
The condition 


m 


F (k —) = > [t. — (k + — (d, — d))}? = minimum .................... (8) 
n=1 


affords two equations for determination of c; and k, when 
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_ TABLE 8—EXAMPLE OF COMPUTATION 











tf X 108 
Dist- —$—$___ “ 20 X tn,|20 X s1,/20? X 1%) 20 X tn’, 20 X A, 202 X A?, 
ance,}| Observation No. J X 104) sy K 104) psec pw sec u sec? pu sec u sec p sec? 
cm = - 
1 2 3 4 5 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
10 | 893 | 889 | 886 | 884 | 884 8872 38 599 23 529 619 400 
20 | 790 | 794 | 792 | 798 | 811 | 7970 84 1135 50 2500 1109 676 
30 | 732 | 732 | 730 | 731 | 732 7314 9 1564 6 36 1600 1296 
40 | 650 | 651 | 654 | 656 | 653 | 6528 24 2133 19 361 2090 1849 
50 | 596 | 592 | 591 | 592 | 598 | 5938 30 2607 24 576 2581 324 
60 | 537 | 536 | 540 | 546 | 541 | 5400 39 3081 35 1225 3072 81 
70 | 494 | 495 | 499 494 | 492 4948 26 3518 26 676 3562 1936 
80 | 444 | 447 | 456 | 448 | 446 | 4482 46 4013 51 2601 41053 1600 
90 | 403 | 402 | 402 | 404 | 402 4026 9 4550 11 121 4543 72 
100 | 362 | 364 | 364 | 364 | 363 | 3634 9 5061 13 169 5034 29 
- 2 dt = 97.955 ae 1418 as 8794 8940 
d = 55 xdt = 97,952 St = 1413.1 yp sec Ze? = = p sec? >A? = si pw sec? 
Xd? = 38,500 i = 141.31 p sec 
m 
es 
na Xm-3 St eee beonated sedmede at ee, 
n=1 
ne m 
oF . I 
« — = § - A 2 ‘ “aa 
anc , =e a er (d, —d)"- —2 tn(d, —d) = 0... ion (10) 
- n=1 n=1 
Hence 
m 
1 _— 
| eae tn =tl.... ; ees . sine VD 
m 
n=1 
m 
d,2 — m X d? 
=] ‘ 
and Cc = = —_ - aes (12) 
m 
> indn —mXAXt 
n=1 
When the constants ¢ and c; are found the zero time to of the apparatus is found in micro- 
seconds through insertion of d = 0 and.k = 7 in Eq. 7. 
ie _ ‘ 
t ae eR eT Te Oe eee (13) 
C1 


As a check on the calculation, the longitudinal wave velocity is found from the transmission 
time for maximum and minimum spacing, d,, and d,, of the pick-ups. 


ante. zee setae ca le udomadinan s anueathadad Aiden tanitecd (14) 
tm — t, 
where ¢» and {; are the corresponding time readings. 
Normally, there will be little difference between the wave velocity found by the last method 
and the velocity found by one of the other methods. 
In Table 8 an example is given which shows to which extent agreement of the individual 
observations is obtainable, and how to make the calculations. The results are from an arbi- 


trarily chosen test. 
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Substituting into Eq. 12 and 13: 





38500 — (10 X 55?) 8250 

= = ~ a — = = - = 0.4077 cm per uw sec = 4.08 km per sec 

97952 — (10 X 55 X 141.31) 2022.6 

55 ws 
t = 141.31 — 0.408 = 6.5 uw sec 
Checking by Eq. 14: 
90 90 ‘ 

C1 em per micro-sec = 0.403 cm per u sec = 4.03 km per sec 


~ 253.1 — 30.0 223.1 
By the graphic method* c; = 4.06 km per sec. 


Computation of standard deviations s; and sa 


The standard deviations of the f values in column 8 of Table 8 were computed ac- 
cording to the formula 
i a io sa nena nawienibnivnis .. (15) 
\ n-—1l 

These standard deviations have been transformed to the standard deviations, s,; of the 
traveling times in micro-seconds. The values of s; are given in column 10 of Table 8. This 
procedure is justified as the deviations are 80 small that a short part of the curve of the relation 
between measured f values and the traveling times can be substituted by a straight line with- 
out appreciable errors. 

From the common estimate of the zero-time and the average wave velocity the adjusted 
traveling times were computed assuming rectilinear relation between pick-up spacing and 
traveling time. The values are given in column 12, Table 8. 

The differences A of observed traveling times in column 9 and the adjusted traveling time 
in column 12 are given in column 13. This difference will, as in Fig. 11, give the vertical 
distance between the straight line and the point corresponding to the actual observed travel- 
ing time computed from the mean of 5 observations. Now the question is, whether the varia- 
tion of the 5 single values is of such an order that we cannot reject the hypothesis that the 
mean value might as well be situated on the straight line. The standard deviation of the mean 
is computed by dividing s; by ./n, where n is the number of observations, in this case 
n = 5. The small number of observations for each pick-up spacing allow only in few cases 
to reject with any significance that the mean may have a value coincident with the adjusted 
value. 

If similar consideration is used for the total measuring length, the number of observations 
become, however, so large that the possibility increases of rejecting the hypothesis that the 
deviations from the straight line are only due to variations in the observed f values. The 
common estimate of the standard deviation of the mean values s; is computed according to 
the formula 

> 


| 2. 8? 


& = \ ee Sard Sa wae eae see eceeeereeres ee ee roe (16) 


mX n 


where n is the number of pick-up spacings and m the number of observations for a given 
pick-up spacing. The computation of s; is independent of the shape of the regression curve, 
while the computation of the common estimate of the average value deviation from a straight 
line assumes that the regression curve is rectilinear. The computation of s, is carried out 
according to the formula 





2 A? Z(tn’ ie 4)? . (17) 
ce ee 
\ n—2 \ n—2 ‘ 
If the condition 


*Fig. 11 is based on different test results than those stated in Table 8, 
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a2 

= > F os Se Pere ee Tee) ee ee a et ee ee ee ee eee ee eee eee ert eo ee (18) 

Se 

is fulfilled there is a greater scatter of the points plotted from the average traveling times 
than implied by the scatter of observations. The quantity F'.o5 (n - 2,4 n) is a 5 percent level of 
significance for the distribution of the stated variances, and n — 2 and 4n are numbers of 
degrees of freedom in nominator and denominator, respectively, for n pick-up spacings. 
Values of F 05 (n - 2,4 n) May be found in statistical tables. 


In the above-mentioned example of computation we find by inserting in Eq. 16 
A | 8794 
N20? x 5 X 10 

and by inserting in Eq. 17 


| 8940 oo 
Sa = \ 20? x 8 = ¥2.795 = 1.7 usec 


= ¥0.4397 = 0.7 » sec 


and finally by inserting in Eq. 18 
8a? 2.795 
820.4397 

The computations show that a significant difference exists between the two estimates of 
scatter, and consequently the hypothesis that the traveling time is a rectilinear function of 
the pick-up spacing cannot be maintained, 7.e., the observed velocities vary along the measur- 
ing length. As stated® there may be several different causes for this variation, but it is sup- 
posed that the main cause is due to the inhomogeneity and anisotropy of the concrete, and 
consequently the quantity s, is, in this paper, assumed to be an estimate of the inhomogeneity 
of the concrete. 





6.4 > Fos (8.40) = 2.18 


The components of the concrete have different wave velocities. The wave velocity of the 
aggregates is independent of time and has in the authors’ experiments been computed to be 
about 4.6 km per sec, while the wave velocity of the cement paste increases with time during 
water curing at normal temperature. The ultimate wave velocity of the cement paste de- 
pends upon the water-cement ratio, air content and other factors but will in most cases be 
lower than the wave velocity of the aggregates. As the diameter of the coarse aggregate 
is large in comparison with the distance between two consecutive pick-up positions the dis- 
tribution of the coarse aggregate will cause deviations from the straight line which illustrates 
the average wave velocity. 

As a measure of these deviations the authors have used the standard deviation, estimated 
by calculating s,. The magnitude of the estimate s, will decrease as the difference between 
wave velocity of aggregate and cement paste decreases, 7.¢., with curing time. This explains 
why the factor of inhomogeneity s, in a test series decreased from 15 yu sec to 1.0 » sec from 
1 days curing to 28 days curing. a 

Analogous theory explains the increase of s, during deterioration of the concrete, whereby 
the bond between mortar and aggregate is destroyed and the cement paste is damaged. 
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Wave Velocity in Concrete” 
By R. JONES, J. R. LESLIE and V. R. STURRUP, and AUTHORS 


By R. JONESt 


The condenser chronograph method is convenient for measuring wave 
velocity on the surface of solids and the authors showed how admirably it 
can be applied to studying surface deterioration or damage of concrete. The 
writer believes, however, that it is necessary to realize the limitations im- 
posed by the systematic variations which may exist within concrete specimens. 

For example, in a road slab compacted by surface vibration, the wave 
velocity is usually highest near the top and may fall to a very low value near 
the bottom if this is left relatively uncompacted. Even in thin slabs anomalous 
effects may occur, as we found recently when testing a 5-in. floor slab which 
had been vibrated against steel forms. The method we employ is to time a 
pulse of ultrasonic vibrations of 60 or 200 ke per sec frequency either along 
the surface or through the thickness of the slab!:* to an accuracy better than 
+ 1 percent. Wave velocities along the top surface, along the bottom sur- 
face and through the thickness were 14,700, 14,350, and 13,800 ft per sec, 
respectively. The discrepancy is attributed to the slab having a higher 
density near the top and bottom surfaces than in the middle. Such a form of 
density variation has been detected by a gamma ray technique* on slabs in 
which the compacting vibrations are reflected at the bottom form. 

There are also cases in which deterioration of concrete is located within 
the mass and would not be apparent from surface measurements. One example 
arises from the effect’ of heat on concrete made with high-alumina cement 
when the lift thickness is excessive. Fig. A gives contours of transmission 
times in microseconds per ft (7.¢., the reciprocal of the wave velocity) within 
a 3-ft cube and shows how the deterioration is most marked near the center. 
These tests were made in collaboration with Lafarge Aluminous Cement Co., 
Ltd., which made the cubes, and it is because of this effect that the recom- 
mended lift thickness of high-alumina cement concrete is normally restricted 
to about 18 in. 

The authors have shown how the scatter of observations is related to the 
inhomogeneity of concrete and how this is increased when the concrete is 
damaged, or when it has not hardened properly. This represents a valuable 
~~ *ACI JourNAt, Apr. 1952, Proc. V. 48, p. 613. Disc. 48-40 is a part of copyrighted JourRNAL OF THE AMERICAN 
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observation and emphasizes the value of an adequate analysis of the results on 
which the authors are to be congratulated. 

Following their lead we have analyzed some recént results on 4-in. test 
cubes, six of which were tested at ages of 1, 3,7, 14, and 28 days by the ultra- 
sonic pulse technique. Due to the method of preparation of the cubes, we 
find different distribution curves of the transmission times across the top, 
middle and bottom thirds of the cube, and the 18 observations on each cube 
were separated into these divisions. Table A gives the mean velocity, mean 
transmission time, and standard deviation of the transmission time in the 
top and bottom sections of the cubes at the different ages. The decrease in 
scatter of the results as the concrete hardens is in accordance with the results 
given by the authors. The difference in wave velocity in the top and bottom 
sections has already been discussed,* and this further analysis appears to 
indicate a difference in the hardening properties also consistent with the 
presence of a higher percentage of free water in the top section of the cube. 

The problem of applying the wave velocity method to the testing of struc- 
tures is largely one of knowing how to interpret the result. Apart from 
moisture content, wave velocity is dependent upon such factors as type and 
percentage of coarse aggregate, which have little or no effect on compressive 
strength. The presence of calcium:chloride, on the other hand, affects the 
compressive strength to a relatively greater extent than the wave velocity. 
To overcome these difficulties we have usually made auxiliary measurements 
on test cubes of the same concrete mix as used in the structure.’ While this 
procedure has disadvantages, it does serve to relate the wave velocity with a 
standard which, rightly or wrongly, is an accepted criterion of quality. 
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TABLE A—MEASUREMENTS ON 4-IN. TEST CUBES OF A 1:6/0.60 CONCRETE 


Top section of cubes* Bottom section of cubes* 
Age, t, St, t, 8t, 

days v, fps micro- micro- v, fps micro- micro- 
seconds seconds seconds seconds 

1 13,600 24.5 0.51 14,100 23 .6 0.46 

3 14,800 22.5 0.44 15,200 21.9 0.33 

7 15,200 21.9 0.37 15,550 21.4 0.27 

14 15,450 21.5 0.33 15,800 21.1 0.29 

28 | 15,550 21.4 0.25 16,000 20.8 0.24 


*Where v is the mean wave velocity; ¢ is the mean transmission time; and S, is the standard deviation of the 


transmission time. 
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By J. R. LESLIE and V. R. STURRUP* 


The authors are to be commended upon their contribution to the field of 
nondestructive testing of concrete and also their mathematical approach to 
the question of setting time and inhomogeneity of concrete. 

Their statement that velocity measurements depend on the steepness of 
the wave front and the energy of the impact (p. 617) might suggest difficulties 
in duplicating results with various observers and instruments. Possibly 
the authors could give details of the percentage change induced in this regard. 

The observations that the velocity in a fresh mix is less than that in water 
has also been observed in Soniscope tests. By casting the transducers into 
the concrete it was possible to measure the pulse velocity almost immediately 
after mixing. The velocity was found to remain nearly constant at a value 
of 0.61 km per see (2000 fps) during the first 31% hr after mixing. 

Experience has shown that velocity measurements along a surface do not 
necessarily reflect the quality of the interior concrete. For this reason, 
velocity measurements through the structure are normally to be preferred to 
surface transmissions. The authors do not state explicitly how transmissions 
through a specimen may be made with their instrument. 

The paper emphasizes the need for further studies of pulse propagation in 
concrete. The variation of attenuation with frequency, the presence of dis- 
persion, and the relationship to Poisson’s ratio would all provide a fruitful 
field of research. Such information may aid in the explanation of the processes 
of hardening and deterioration of concrete. 


*Hydro-Electric Power Commission of Ontario, Toronto, Ont., Canada. 
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AUTHORS’ CLOSURE 


With reference to the discussion by Messrs. Leslie and Sturrup, the authors 
should like to comment upon the influence of steepness of the wave front on 
the recorded traveling times. In Fig. B it is assumed for convenience that 
the wave front can be illustrated by a straight line. Curve “a” is produced 
by a more powerful impact than curve “c,” and the steepness of curve ‘‘a”’ 
is greater. Due to passage through the material, the amplitude of the longi- 
tudinal displacement will decrease to a certain extent, due to damping, and 
the wave front will be less steep. 

Actual traveling time is represented by the distance between points R and 
S, which indicate the first infinitesimal displacement. Impulses transmitted 
from the pick-ups cannot attain sufficient force until the displacement has 
reached a certain value x,. The reaction of the pick-up, P;, is delayed t, 
thereby. On arrival of the impulse at the pick-up, P;;, the delay is t, + A ta, 
and the traveling time recorded is increased by A t,, because of the change 
of the wave front produced by damping (aa,2<2%a,1). Hence the velocity 
observed will be lower than the theoretical velocity. 

When an extraordinarily low impact energy is applied, the maximum 
amplitude may be of the same magnitude as x,, as indicated by curve “ec.” 
Therefore ¢, will exceed t. and, moreover, A ¢, will increase. It should, how- 
ever, be borne in mind that the actual wave fronts are not straight lines but 
sinusoidal curves, which means a considerable increase of A t., because the 
sensitivity level will intersect the flat part of the wave front. Hence low 
impact energy applied to heavy concrete masses will involve prolonged travel- 
ing times. It is furthermore obvious that small variations of the maximum 
amplitude in the vicinity of x, will cause considerable variations of A ¢, and 
thereby increase the scatter of the readings and influence the standard devia- 
tion S;. 

Finally we may have a specimen with great damping effect,. caused by 
either the size and shape or by low quality of the concrete. This situation 
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may be illustrated by assuming that curve “a’’ at pick-up P; is changed to 
curve “ce” at pick-up P;;. In this case the recorded traveling time will be 
te + At, — t. greater than the true traveling time, and thereby influencing the 
wave velocity to a comparatively high degree. 

It is seen from Fig. B that At could be reduced through a reduction of 
Xp, 1.e., through improved sensitivity of both pick-ups. 

In the condenser chronograph it is possible to vary the amplifications 
in the two circuits independently, and in ordinary investigation of beams 
the maximum amplitude—even with the use of the small spring hammer—is 
about 50 times x, and damping cannot change the lower part of the wave 
front to a noticeable degree. 

In a limited investigation on concrete pavements the effect of a pendulum 
hammer weighing about 300 g was compared to a small electric spring hammer 
used in the laboratory. It was found that the velocities determined by the 
small electric hammer were approximately 10 percent lower than when de- 
termined by the pendulum hammer. At the same time the standard deviation 
8, increased from 0.5 microseconds to 2.1 microseconds, presumably due to 
the damping in the 7-in. concrete slab. With the small electric hammer the 
readings at the greatest pick-up spacing, 100 cm, suddenly corresponded 
to the velocity of slower waves, presumably Rayleigh waves, showing that the 
amplitude of the longitudinal waves was below the level of sensitivity. 

These results show that the energy of the impact should be increased when 
the volume of concrete is increased so that the amplitude will not fall below a 
certain critical value, which depends upon the sensitivity of the pick-ups 
and the damping of the material investigated. As already pointed out, the 
level of sensitivity is 1/50 of the amplitude obtained by the use of the spring 
hammer on beams. Furthermore, the condenser chronograph is so constructed 
that it is possible to determine the point where the level of sensitivity is 
coincidental with the amplitude. When this has been determined, the sen- 
sitivity may be increased, for example, 50 times, thereby insuring that the 
measurements are taking place at the bottom of a steep wave front. In the 
laboratory it has not been possible to obtain any significant variation of 
wave velocity due to variation in the energy of the impact, but the scatter 
of the readings fora given pick-up spacing can .be somewhat diminished by 
the use of uniform blows. This relates to concrete specimens which are un- 
damaged and at ages above one day. In concrete specimens with greater 
damping, wave velocities may be influenced a few percent, and to use an 
energy of impact sufficient for all types of specimens a pendulum hammer 
weighing 100 g is now used instead of the electric spring hammer. 

Messrs. Jones, Leslie and Sturrup state that velocity measurements along 
a surface do not necessarily reflect the quality of the interior concrete. By 
investigations on metals referred to in Building Research Report No. 3* it 
* Andersen, Johannes, Nerenst, Poul, and Plum, Niels M., “The Non-Destructive Testing of Concrete with 


Special Reference to the Wave Velocity Method,” Building Research Report No. 3, The Danish National Institute 
of Building Research, Copenhagen, 1950. 














636 - 4 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE = Part 2 Dec. 1952 


AUTHORS’ CLOSURE 


With reference to the discussion by Messrs. Leslie and Sturrup, the authors 
should like to comment upon the influence of steepness of the wave front on 
the recorded traveling times. In Fig. B it is assumed for convenience that 
the wave front can be illustrated by a straight line. Curve “a” is produced 
by a more powerful impact than curve ‘‘c,’’ and the steepness of curve ‘‘a”’ 
is greater. Due to passage through the material, the amplitude of the longi- 
tudinal displacement will decrease to a certain extent, due to damping, and 
the wave front will be less steep. 

Actual traveling time is represented by the distance between points R and 
S, which indicate the first infinitesimal displacement. Impulses transmitted 
from the pick-ups cannot attain sufficient force until the displacement has 
reached a certain value z,. The reaction of the pick-up, P;, is delayed t, 
thereby. On arrival of the impulse at the pick-up, P7;, the delay is t, + A ta, 
and the traveling time recorded is increased by A t., because of the change 
of the wave front produced by damping (%a,2<2a,1). Hence the velocity 
observed will be lower than the theoretical velocity. 

When an extraordinarily low impact energy is applied, the maximum 
amplitude may be of the same magnitude as x,, as indicated by curve “ec.” 
Therefore ¢, will exceed t, and, moreover, A ¢, will increase. It should, how- 
ever, be borne in mind that the actual wave fronts are not straight lines but 
sinusoidal curves, which means a considerable increase of A t., because the 
sensitivity level will intersect the flat part of the wave front. Hence low 
impact energy applied to heavy concrete masses will involve prolonged travel- 
ing times. It is furthermore obvious that small variations of the maximum 
amplitude in the vicinity of x, will cause considerable variations of A ¢, and 
thereby increase the scatter of the readings and influence the standard devia- 
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Finally we may have a specimen with great damping effect,. caused by 
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may be illustrated by assuming that curve “a’”’ at pick-up P; is changed to 
curve “c”’ at pick-up P;;. In this case the recorded traveling time will be 
t. + At, — ta greater than the true traveling time, and thereby influencing the 
wave velocity to a comparatively high degree. 

It is seen from Fig. B that At could be reduced through a reduction of 
Xp, 1.e., through improved sensitivity of both pick-ups. 

In the condenser chronograph it is possible to vary the amplifications 
in the two circuits independently, and in ordinary investigation of beams 
the maximum amplitude—even with the use of the small spring hammer—is 
about 50 times x, and damping cannot change the lower part of the wave 
front to a noticeable degree. 

In a limited investigation on concrete pavements the effect of a pendulum 
hammer weighing about 300 g was compared to a small electric spring hammer 
used in the laboratory. It was found that the velocities determined by the 
small electric hammer were approximately 10 percent lower than when de- 
termined by the pendulum hammer. At the same time the standard deviation 
s: increased from 0.5 microseconds to 2.1 microseconds, presumably due to 
the damping in the 7-in. concrete slab. With the small electric hammer the 
readings at the greatest pick-up spacing, 100 cm, suddenly corresponded 
to the velocity of slower waves, presumably Rayleigh waves, showing that the 
amplitude of the longitudinal waves-was below the level of sensitivity. 

These results show that the energy of the impact should be increased when 
the volume of concrete is increased so that the amplitude will not fall below a 
certain critical value, which depends upon the sensitivity of the pick-ups 
and the damping of the material investigated. As already pointed out, the 
level of sensitivity is 1/50 of the amplitude obtained by the use of the spring 
hammer on beams. Furthermore, the condenser chronograph is so constructed 
that it is possible to determine the point where the level of sensitivity is 
coincidental with the amplitude. When this has been determined, the sen- 
sitivity may be increased, for example, 50 times, thereby insuring that the 
measurements are taking place at the bottom of a steep wave front. In the 
laboratory it has not been possible to obtain any significant variation of 
wave velocity due to variation in the energy of the impact, but the scatter 
of the readings for a given pick-up spacing can. be somewhat diminished by 
the use of uniform blows. This relates to concrete specimens which are un- 
damaged and at ages above one day. In concrete specimens with greater 
damping, wave velocities may be influenced a few percent, and to use an 
energy of impact sufficient for all types of specimens a pendulum hammer 
weighing 100 g is now used instead of the electric spring hammer. 

Messrs. Jones, Leslie and Sturrup state that. velocity measurements along 
a surface do not necessarily reflect the quality of the interior concrete. By 
investigations on metals referred to in Building Research Report No. 3* it 

*Andersen, Johannes, Nerenst, Poul, and Plum, Niels M., “The Non-Destructive Testing of Concrete with 


Special Reference to the Wave Velocity Method,” Building Research Report No. 3, The Danish National Institute 
of Building Research, Copenhagen, 1950. 
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has been shown that the condenser chronograph measures longitudinal waves 
in the specimen, 7.e., waves spreading through the body contrary to Rayleigh 
waves which are only affecting particles at the surface of the body. In routine 
testing of beams, the blow is applied to the center of the end face, and it is 
believed that the wave spreads in all directions with varying velocities in 
aggregate and paste. Blows have been applied at different locations on 
the end face with no significant difference, the variations being less than 1 
percent. It is believed that the pick-ups react to the first arriving displace- 
ment regardless of the path. 

It has been found that in the case of a crack the results show a delay in 
transmission time for the pick-up position just behind the crack, but pick-up 
positions at distances greater than 20 cm have no influence in cases where 
the crack is only a part of the section. This shows that the wave may follow 
different paths through the concrete and not necessarily the surface. It is 
agreed, however, that the condenser chronograph is not able to analyze the 
conditions of concrete in different locations of a specimen as shown by Mr 
Jones in Fig. A, which is a most interesting contribution to the discussion. 

The authors are pleased to see that Mr. Jones has found a similar trend in 
the decrease of standard deviation when hardening progresses. 

The procedure proposed by Mr. Jones of making auxiliary measurements on 
test cubes of the same concrete mixes as used in the structure is highly recom- 
mended, but in a number of cases where the purpose is to investigate older 
concrete members, it is only possible to obtain an impression of the relative 
quality of different members produced from the same mix at the same time. 

The equipment used by Messrs. Leslie and Jones is based on high-frequency 
directional pulses, and experience shows that this equipment is suitable for 
measuring on structural members where the transmitter and receiver can be 
placed on opposite faces. The authors believe that this technique can be 
applied only with difficulty to large areas of adjoining concrete slabs, such as 
runways and wide roads, in which cases the condenser chronograph seems 
to be more suitable as the impulse can be started from a joint and registered 
through pick-ups on the surface. 

The great difference in wave length of the produced pulses suggests that 
results obtained with different types of equipment will not necessarily be in- 
fluenced in the same way by the hardening process, water and voids content, 
and Poisson’s ratio. Hence further fundamental research on pulse propagation 
is still needed. 
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Slip-Forms for Concrete Canal Lining*® 


By T. V. D. WOODFORD? 
SYNOPSIS 


Two types of slip-forms for placing concrete lining in irrigation canals are 
described. One type, which rides directly on the previously prepared subgrade, 
is a recent development for use primarily in small canals and farm ditches. 
Both types of equipment are now in wide use and have effectively reduced 
the cost of lining operations, fulfilling an urgent need for the conservation of 
water in the western states. 

INTRODUCTION 

Slip-forms for placing concrete lining in irrigation canals differ considerably 
from sliding forms (sometimes called slip-forms) used in the construction of 
concrete walls, bins, and grain elevators. Sliding forms used in building 
construction must usually be left in place long enough for the concrete to 
harden (initial set) while slip-forms for canal lining serve only to consolidate, 
screed, and finish the concrete as they move along longitudinally in the 
previously shaped earth section. 

Two basic types of canal lining slip-forms are in present use. One, which 
is supported on, and guided by steel railroad rails placed along the top of 
both banks, has been in general use in large canals for about 16 years. - The 
other type which rides directly on the subgrade without the use of guide 
rails, was brought into general use only recently for lining small canals and 
farm ditches. Use of the larger rail-mounted equipment appreciably reduced 
the cost of concrete lining in large canals, but the expense of setting and 
removing the rails is seldom justified in small canal sections where the volume 
of concrete per length of canal is proportionately small. The economies 
resulting from speedier construction and a reduction im manual labor are 
largely offset by the cost of guide rails as the size of the canal decreases. 
Yet there has been a growing need for dependable low cost linings to control 
seepage, weed growth, and erosion in thousands of miles of small canals 
and farm ditches in the western irrigation states. Faced with higher construc- 
tion costs in recent years and the increasing urgency of water conservation, 
the Bureau of Reclamation, in cooperation with industry and other irrigation 
interests, has been active in a program of field and laboratory experimentation 
to lower the cost of canal linings. The development and successful use of 
subgrade-guided slip-forms was a direct result of these efforts. 

*Received by the Institute Feb. 18, 1952. “Title 48-41 is a part of copyrighted JouRNAL or THE AMERICAN 
CoNCRETE InstiTu TE, V. 23, No. 8, Apr. 1952, Proceedings V. 48. Separate prints are available at 35 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Aug. 1, 1952. Address 18263 W. MecNichols 


Rd., Detroit 19, Mich. , 
+Member American Concrete Institute, Materials Engineer, U. S. Bureau of Reclamation, Denver, Colo. 
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RAIL-MOUNTED SLIP-FORMS 


Rail-mounted slip-form machines consist essentially of a framework travel- 
ing on rails at the top of each bank which supports a working platform at the 
bank level, a distributor plate (or drop chutes) extending from the working 
platform to a compartmented concrete supply trough with a vibrator tube 
in the bottom, and the slip-form. Although the whole rig is commonly re- 
ferred to as a slip-form machine, the slip-form proper is a steel plate, curved 
up at the leading edge, extending across the bottom and up the side slopes 
of the canal to finish the lining over the entire perimeter in one pass. If a 
distributor plate is used, it is fastened to the leading edge of the slip-form 
and extends upward on a steep incline to the rear of the working platform. 
If equipped with drop chutes, these convey the concrete from the working 
platform to single compartments in the trough below. Concrete is usually 
dumped into the drop chutes or against the distributor plate from a shuttle 
car operating on the working platform. As the concrete passes out at the 
bottom of the trough and under the slip-form, it is consolidated by a vibrat- 
ing tube located parallel to and a few inches ahead of the form. Diesel- 
electric generators, mounted on the most recent slip-form machines, supply 
power for their forward motion and for the many other motored operations 
thereon. Concrete for the lining is mixed and supplied to the slip-form 
machine by separate equipment which operates along the roadway at the 
top of either bank. Highway paving mixers, usually used for this purpose, 
are supplied with dry batches by truck from a central proportioning plant. 
On some of the large jobs, two mixers have been employed and belt conveyors 
have been used for delivering the concrete to the slip-form hopper.  Rail- 
mounted slip-forms are adaptable to placing either plain or steel reinforced 
concrete lining of any practical thickness and in any size canal. 

Equipment for final trimming of the subgrade, used in conjunction with 
rail-mounted slip-form machines, is supported on the same rails and is mech- 
anized to a similar degree. Other rigs for supporting workmen and equip- 
ment for any hand finishing of contraction grooves and for the application of 
curing compound follow the slip-form and likewise travel on the same rails. 

The first extensive use of rail-mounted slip-form machines, to the writer’s 
knowledge, was in 1935 on lining operations of the Colorado River Aqueduct 
built by the Metropolitan Water District of Southern California. As stated 
by Lewis H. Tuthill,! the aqueduct contained a total of 62.2 miles of canal 
section lined with reinforced concrete. The lining in the 20 ft wide bottom 
was 8 in. thick and that on the side slopes decreased from 8 in. at the toe 
to 6 in. at the top. The sides sloped at 114:1, the water depth was 10.21 ft, 
and the lined perimeter, including freeboard was 62.22 ft. Mechanized rail- 
mounted trimming equipment and the slip-form machine both developed by 
the contractor on this job proved practical and economical. Similar equip- 
ment was used as early as 1937 for placing reinforeed concrete lining in the 
Roza Main Canal of the Bureau of Reclamation Yakima Project in 
Washington (Fig. 1). Since then rail-mounted slip-form machines have been 
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Fig. 1—Early rail-mounted slip-form placing reinforced concrete lining in Yakima Ridge (Roza 
Main) Canal, Washington 


in common use, where the size of the job justified, in placing both plain and 
reinforced concrete lining. 

One of the earliest unreinforced linings placed by rail-mounted slip-form 
on a Bureau of Reclamation project was in the Pasco Pump laterals of the 
Columbia Basin, Washington, in 1947. Being somewhat of an experiment in 
unreinforced lining, this installation contained approximately 26,000 sq yd 
of lining 3 in. thick and 15,000 sq yd 2 in. thick with lining perimeters of 19.8 
and 17.3 ft, respectively. More recently, canals of unprecedented size in 
the Columbia Basin and in the Central Valley of California have been lined 
with concrete placed by rail-mounted slip-forms. The upper 95 miles of the 
Delta Mendota Canal, built by the Bureau of Reclamation in the Central 
Valley, is lined with unreinforced concrete 4 in. thick, has a constant bottom 
width of 48 ft, side slopes of 11:1, and a vertical lining height varying from 
15.54 to 17.87 ft (Fig. 2). Highly mechanized rail-mounted slip-form ma- 
chines placed as much as 15,250 sq yd of this lining in 1185 linear ft of 
canal in a single 8!4-hour day.’ 


SUBGRADE-GUIDED SLIP-FORMS 


Slip-forms for concrete canal lining which ride directly on and are guided 
by the subgrade combine a forward skid plate shaped to fit the canal, a rear 
screed or troweling plate of the same shape, but offset from the skid plate 
by the desired lining thickness, and a middle hopper open to the subgrade 
bottom and side slopes. Concrete dumped into the hopper oozes out over 
the canal perimeter and is struck off, consolidated and troweled by the rear 
plate as the slip-form is dragged forward by one or more tractors or by a motor- 
driven winch mounted on the slip-form. 

Such a device was patented by G. W. Gale in 1911 (United States Patent 
No. 992,649). In 1915 a subgrade-guided slip-form was developed and used 
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Fig. 2—Rail-mounted slip-form placing 4-in. unreinforced concrete lining in Delta-Mendota 
Canal, California. Note finished lining in background, batch trucks and paving mixer on top 
of,bank and belt conveyor supplying concrete to center hopper 


for placing concrete lining in canals of the Umatilla Project of the Bureau of 
Reclamation.* However, there is no record of the use of subgrade-guided 
slip-forms in the years that followed until Clyde E. Shields, engineer on 
the Bureau’s Gila Project in Arizona, developed one of similar design in 1946. 
Probably the chief reason this type of equipment was not used in the inter- 
vening years is that most concrete linings constructed during this period con- 
tained steel reinforcement and the subgrade-guided slip-form is not adaptable 
for placing reinforced lining. The reinforcing steel placed in the section 
ahead of lining and supported at the proper distance from the subgrade inter- 
feres with operation of the slip-form which must ride directly on the sub- 
grade. Furthermore, there was a continuing effort all through the thirties, 
when construction costs were low, to attain perfection in the surface and align- 
ment of the finished lining. The rigid requirements of most specifications, 
therefore, were very difficult if not impossible to meet with subgrade-guided 
slip-forms. However, following World War II with rising costs for steel and 
better control of concrete mixing and placing operations, there was not as 
much justification for the use of reinforcement. After due consideration of 
these facts, Bureau of Reclamation design practices were’ changed to omit 
steel reinforcement in concrete canal lining except in special cases as when 
safety is involved. This change together with a reasonable liberalization of 
specification requirements for line, grade and finish made possible and actually 
encouraged the development and use of subgrade-guided equipment. 


The slip-form developed by Shields was built to place a lining 2 in. thick 
having a rounded bottom and sides sloping up at 1% horizontal to 1 vertical. 
This shape was adopted because of the availability of an old dredge which 
was modified and used to do the final trimming of the subgrade. The dredge 
cut a section with 11% to 1 side slopes and a bottom rounded to a 30-in. radius. 
The front skid plate of the slip-form was shaped to fit this trimmed section 
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Fig. 3—Shields subgrade-guided slip-form placing 2-in. unreinforced lining on Bureau of Recla- 
mation project near Yuma, Arizona. Truck-mounted mixer supplying concrete to slip-form as 
both move forward 


and the rear troweling plate, with a bottom rounded to a 28-in. radius, con- 
trolled the lining thickness of 2 in. over the entire section. To provide a 
{-in. curb at the top of the lining on each side slope, special brackets were 
attached to the forward and rear plates, one to notch the bank and the other 
to form the curb. These brackets were movable along the underside of the 
two plates to adjust for different canal depths (and corresponding carrying 
capacities) up to a maximum of 4 ft. Skid shoes attached to both sides of 
the slip-form at the top of the canal bank were used to support the form off 
the subgrade and to skid it forward for cleaning at the end of each day’s 
operation. However, skid shoes are not essential if some type of hoisting 
equipment is available for lifting the slip-form. 

Most of the concrete placed with the Shields slip-form during the first 
vear of its operation was mixed in a one-half cubic yard mixer mounted on the 
flat-bed of a truck (Fig. 3). This put the mixer high enough that the con- 
crete dumped into a trough was thus conveyed into the slip-form hopper. 
A tank wagon, which supplied mixing water, and the truck-mounted mixer, 
which was supplied with dry batches from auxiliary trucks, both moved 
along the canal bank with the slip-form. This rather inefficient arrangement 
for supplying the slip-form with concrete limited the rate at which lining 
was placed to less than 700 sq yd per day in canals having a lining perimeter 
of about 11 ft. About three times this rate of placement was attained with 
the experimental use of a traveling plant mixer for supplying the slip-form 
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Fig. 4—Small subgrade-guided slip-form placing 
1¥%-in. unreinforced lining in farmer's ditch 
near Phoenix, Arizona 

Photo courtesy Portland Cement Assn. 





with concrete. This equipment picked up the proportioned dry cement 
and aggregate from a window placed along the canal bank, mixed it in a pug 
mill type mixer, where water was added, and dumped it by conveyor belt 
into the slip-form hopper. 

The same type equipment was used for mixing and supplying plastic soil- 
cement to a subgrade-guided slip-form which placed about three-fourths mile 
of experimental lining in a lateral of the W. C. Austin Project (Bureau of 
Reclamation), Oklahoma, in May 1947. The slip-form was built by the 
Madsen Iron Works of Huntington Park, Calif., through arrangements made 
by the Portland Cement Assn. After some necessary on-the-job modifications, 
this slip-form did not differ much from the Shields equipment except that 
it was shaped in the more conventional trapezoidal canal section with a 
flat bottom. Soil-cement for canal lining was believed to have merit for use 
in localities where satisfactory aggregate for concrete is not economically avail- 
able and the sandy soil of the W. C. Austin Project was well suited for a trial 
installation. The plastic soil-cement was efficiently placed by slip-form at rel- 
atively low cost and satisfactorily reduced seepage losses. 

As news of the successful use of these simple subgrade-guided slip-forms 
spread, Bureau of Reclamation forces on other projects and contractors on both 
public and private work built similar equipment for use in lining small canals 
and farm ditches. One contractor in the Phoenix, Ariz., area, after the 
successful operation of a small slip-form which he built for his own use, built 
additional units for the use of other contractors on a rental basis. A_ brief 
article on the Fullerform, as it was called, appeared in the March 1948 issue 
of Western Construction News. The Fullerform, first put into service in 
December 1947, had a flat bottom 12 in. wide with sides sloping at 1:1 and 
a concrete hopper divided so that concrete was placed first on the two side 
slopes and then on the bottom (Fig. 4 and 5). The rear troweling plate was 
offset only 114 inches from the front skid plate to form a lining of the same 
thickness. 
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Fig. 5—Fullerform suspended 
from 2-wheel trailer for trans- 
porting. Note opening in side 
form and offset (11 in.) of rear 
screeding plate 

Photo courtesy Portland Cement Assn. 





Concrete for the most of these small slip-forms has been mixed and supplied 
by transit truck mixers but in some instances where air-entraining concrete 
was used, batches have been hauled in dump trucks from a central mixing 
plant. On at least one job, concrete was mixed in a highway paving mixer 
which operated along side the canal and was supplied with dry batches from 
a central proportioning plant. It is not unusual for small subgrade-guided 
slip-forms in combination with adequate mixing equipment, to place a mile 
or more of 1!4-in. unreinforced lining in 1 day in ditches with lining perimeters 
of 5 to 6 ft. Short stretches of this size ditch have actually been lined at a 
rate of about 1 mile per hour, demonstrating the possibilities if sufficient 
concrete can be made continuously available. 

An adjustable plow-type ditcher has proven satisfactory in most localities 
for excavating and final shaping of the earth section of these small canals. 
The ditcher is pulled by one or two tractors operating in the bottom, straddle 
the ditch, or on both banks depending on the size of the section. In new ex- 
cavation, several passes of the ditcher are required to remove the earth and 
properly shape the section for lining. 

The maximum size of canal which it is possible to line with a subgrade- 
guided slip-form has not been definitely established. Such equipment has 
been satisfactorily used in a canal with lining perimeter of 17.6 ft and it is 
believed that this is not far from the upper practical limit. 


SUMMARY 


Development of the subgrade-guided slip-form has made it economically 
feasible to line small canals and farm ditches with concrete, thus aiding in 
the conservation of irrigation water so vital to agriculture in 17 western 
states. The extent of the present use of such equipment is indicated by = 
conservative estimate that more than 300 miles of concrete lining was placed 
by subgrade-guided slip-forms in canals and farm ditches in the state of Arizona 
alone during 1951. 
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Discussion of a paper by T. V. D. Woodford: 
e o o * 
Slip-Forms for Concrete Canal Lining 
By LEWIS H. TUTHILL and E. C. WENGER 


By LEWIS H. TUTHILLT 


The author has given an excellent summary of the nature of this equipment 
and of the character of work it will do. From his mention of the 300 miles 
of lining laid by the subgrade-guided slip-form, it may be inferred that rail- 
guided machines have had a more limited use. Actually they have placed 
concrete lining in at least 640 miles of canals including many of unusual size. 
The total of ditch lining will doubtless some day surpass this figure, but its 
size will remain impressive and indicative of the “know-how” that has been 
attained by builders of the equipment and by many contractors who have 
operated it. 

The significance of the rail-guided slip-form in canal lining work suggests 
that perhaps a few supplemental details would be worthy of record. The 
prime requisite for successful operation is ample vibration of the concrete 
as it feeds under the forward edge of the slip-form. For this purpose, an 
adequately vibrating tube parallel to and operating a few inches from the 
leading edge of the slip-form has been found to lay a completely consolidated 
lining, while all attempts to vibrate the slip-form plate have met with failure. 
This failure occurs because once concrete is under the leading edge of the 
slip-form without being consolidated and filled to full thickness of the lining, 
no amount or kind of vibration of the slip-form plate can add the concrete 
necessary to fill unfilled areas of lining, either on the bottom or side slopes. 
The concrete must be vibrated so that it will mold into a full, consolidated 
slab just as it goes under the slip-form. 

Uniformity of correct concrete mix and slump is a vital factor in attaining 
high speed and good results. When vibration is what it should be, air-en- 
training concrete of 2-in. slump is most satisfactory. This consistency avoids 
sagging and highlighting of longitudinal reinforcing rods where used on side 
slopes, and a sloppy surface for finishing the bottom. When vibration is 
attuned to effective handling of 2-in. slump concrete, variations causing 
slumps less than 11% in. are likely to cause ragged unfilled areas in the lining. 
Finish screening of coarse aggregate at the batching plant and use of well- 
drained sand has contributed materially to slump uniformity. Although 

tConcrete Engineer, Bureau of Reclamation, Denver, Colo. 
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batch trucks supplying mixers at the lining machine is the set-up surest to 
produce uniform concrete, truck mixers and agitators have given no difficulty 
in this regard because of the speed and large concrete demand of these lining 
machines. 

Smoothest operation, best finish, and better dummy joint grooves result 
when the amount of sand in the mix is increased by a factor of about 1.10 
over the amount which would be optimum for ordinary concrete work. 

In recent years, improvement in operating details of the machines, in vibra- 
tion, and in factors making possible the production of more. uniform concrete 
have resulted in a much faster and thus a less expensive operation on the unit 
basis. These improvements have produced in many cases a lining surface as 
it emerged from the slip-form that was fully satisfactory without further 
hand troweling and finishing. Some operators further improve and assure 
their finish by use of “ironer’’ plates under spring pressure which follow 
immediately behind the slip-forms. 


By E. C. WENGER* 


Mr. Woodford describes in an excellent manner the equipment currently 
used for lining irrigation canals. The value of concrete-lined canals in re- 
ducing water loss as well as operation and maintenance costs has long been 
known. This paper quite correctly credits the recent development of sub- 
grade-guided slip-forms in reducing lining costs for laterals and farm ditches. 

Another cost reducing factor is the development of ditching equipment 


*Manager, Conservation Bureau, Portland Cement Assn., Chicago, Ill. 





Fig. A—One type of ditching equipment used in excavating a 7-ft bottom irrigation ditch 
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Fig. B—Farm irrigation ditch lined with con- 

crete by subgrade-guided slip-form. Note 

tooled ’contraction joints at 15-ft intervals and 
special farm ditch outlets 





which permits rapid excavation of the canal to dimensions which are within 
practical limits for efficient operation of the subgrade-guided slip-form (Fig. 
A). These important developments have been largely responsible for bring- 
ing concrete linings within the economic reach of irrigation districts and 
individual land owners. 

Because of the increased and widespread use of subgrade-guided slip- 
forms for the smaller canals (Fig. B), the importance of uniform compacted 
subgrades should not be overlooked. On the larger canals where rail-mounted 
slip-forms are used, compaction of the subgrade is usually specified and ob- 
tained during construction. On the smaller canals where subgrade-guided 
slip-forms are used, this provision occasionally has been neglected, resulting 
in settlement and damage to the lining. 

Proper curing of the concrete also is important in obtaining full value of 
the lining. Curing can’ be done by ponding, with wetted earth or straw cover, 


‘or by application of a liquid membrane sealing compound. The latter is being 


increasingly favored since it can be applied rapidly and little labor and equip- 
ment are needed. 

The use of pit-run aggregate in areas where satisfactory deposits are avail- 
able also reduces the cost. Cost of screening and recombining aggregates is 
high when compared to the use of aggregates as they are found in the pit. 

The importance of using air-entraining concrete should be mentioned. The 
advantages of air entrainment are better workability with less water and 
lower sand content, increased cohesiveness, less segregation and bleeding, and 
better durability in freezing climates. : : 

While vibration is used effectively in placing concrete with the rail-mounted 
slip-form it has not been used to any great extent with the subgrade-guided 
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slip-form. Vibration undoubtedly would permit satisfactory placement of a 
lower slump concrete and might increase the efficiency in placing sufficiently 
to pay for the added cost. 


Of interest are some of the recent larger projects on which subgrade-guided 
slip-forms have been used. These are: (1) Yuma Mesa Division, Gila 
project, Ariz., 24,775 sq yd in 1947; (2) North Platte project, Neb., 30,000 
sq yd in 1950; (3) Columbia Basin project, Wash., 48,400 sq yd under con- 
struction in 1952; and (4) Mohawk distribution system in the Gila project, 
Ariz., 305,000 sq yd, of which 211,000 sq yd are now under contract. 

















Title No. 48-42 


Short Cuts in the Design of Continuous Structures* 


By |. E. MORRIST 


SYNOPSIS 

In preliminary design to determine concrete member sizes or cost com- 
parisons, time-saving methods involving a reasonable degree of accuracy 
are desirable. Moment coefficients for both positive and negative moments 
are limited to spans which are approximately equal. In the proposed method, 
coefficients are used for negative moments only. With known negative mo- 
ments, positive moments are easily determined by the application of simple 
statics. Whether the method has the requisite accuracy for a final design 
depends largely upon the implicitness of the designer’s faith in elastic stress 
analysis. 


PRELIMINARY CONSIDERATIONS 


For preliminary design, or when comparative cost data on different schemes 
of framing are sought, it is well to be able to obtain such data as expeditiously 
as possible. The architect, in order to develop his details, must know the size 
of beams and columns and the thickness of slabs. To supply this information, 
the structural engineer must do some designing, unless he is proficient at 
guessing the size of members. If he proceeds with what may be termed a 
final design, using moment distribution, or some other form of elastic analy- 
sis, he is likely to run into a duplication of work, for architects’ preliminary 
sketches frequently undergo considerable change during the preparation of 
working drawings. A change in the position of a column, or the interruption 
of a series of beams, often nullifies pages of computations. Therefore, a great 
deal of time and effort are saved when, by some approximate method, mem- 
ber sizes and steel tonnages may be established which will hold for the final 
design. The method here presented is not intended as a subtstiute for any 
form of analysis, except in the initial stages of the design; nor is it intended 
to comply in every respect with the theory of limit design, although it no 
doubt closely approaches that theory. 

In structural engineering, more so perhaps than in any other field of en- 
deavor, sound judgment and experience are invaluable assets. If a designer 
cannot visualize the action of a loaded structure, his task is almost hopeless. 
He is merely floundering in a mathematical miasma and is never certain 
that his design has achieved maximum effectiveness. Such a designer is 
never in complete command of his structure. 

*Received by the Institute Nov. 23, 1951. Tittle No. 48-42 is a part of copyrighted JourRNAL or THE AMERICAN 
Concrete Institute, V. 23, No. 8, Apr. 1952, Proceedings V. 48. Separate prints are available at 35 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Aug. 1, 1952. Address 18263 W. McNichols 


Rd., Detroit 19, Mich. 
+Member American Concrete Institute, Consulting Engineer, Atlanta, Ga. 
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ASSIGNMENT OF MOMENTS 


In the analysis of continuous beams, we provide for a total moment equal 
to, or slightly greater than, the simple beam moment of the loaded beam. 
We may assign portions of this moment to any points where it can be safely 
resisted, but in every case the total simple beam moment, at least, must be 
accounted for. This is illustrated in Fig. 1 (A), (B) and (C). 

Here we have in (B) the simple beam moment curve, the negative moment 
curve, and the combined moment curve, in this case the maximum negative 
moment being equal to the simple beam positive moment, or WL/8. Note 
also that the construction ordinate 2’-6 at the span centerline is WL/8. It 
may appear at first glance that the maximum positive moment could be 
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Fig. 1—Moment curves for uniformly loaded simple beam 
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obtained by subtracting the negative moment ordinate 2-6, which is obviously 
WL/16, from the maximum simple beam moment; but this would not be 
correct, since the ordinate 3-3’ is longer than 2-2’. However, if we calculate 
the shear at each end of the beam, and then compute the positive moment, 
we will obtain a value equal to the ordinate 3-3’, if the latter is drawn prop- 
erly to scale. Moreover, the diagram shows that the sum of the ordinates 
2-6 and 3-3’ is slightly greater than WL/8. 

The ordinate 3-3’ is the maximum positive moment in the span. And 
this ordinate always falls directly over the point of zero shear, as shown in 
the shear diagram, Fig. 1 (C). Since the shears in the beam are affected 
by the end moments, the greater shear being at the end having the greater 
negative moment, it follows:that the point of zero shear will move to the 
right, or to the left, in accordance with the variation in negative moments. 
In short, this zero point follows the maximum construction ordinate of the 
positive moment curve. 

Another interesting relationship is that, in Fig. 1 (C) the area of the triangle 
ACB minus the maximum negative moment ordinate WL/8 is equal to the 
positive moment ordinate 3-3’. Also, the area of the triangle DCE is equal 
to this ordinate. 

In case the end moments are equal, as in Fig. 2 (B), the maximum positive 
moment does occur at the center of the span. And here the positive moment 
is WL/8 minus the negative moment. The point of zero shear (not shown) 
is also at the center of the span. 

Fig. 3 shows a condition in which the negative moments at the ends of 
the beam are not the same. But again the construction ordinate at the 
center of the span is equal to WL/8. And the maximum positive moment is 
not at the center of the span, although it is nearer the center than it is in 
Fig. 1 (B), for the reason that the shears at each end of the beam are more 
nearly equal. In every condition, though, we are dealing with the funda- 
mental equation WV = WL/8. 

It would seem, after a study of Fig. 2, that we could continue to build 
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Fig. 2—Maximum moment in fixed end beam Fig. 3—Unequal negative end moments in 
with equal end moments beam 
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up negative moment at the ends of a 
beam till the positive moment would 
be zero. In fact, we can, and thereby 
produce two cantilevers, provided 
there is sufficient restraint at the 
ends to resist the moment, and pro- 
vided the beam is either cut at the 
center (as in Fig. 4 (C) ) or is held by 
joints each of which rotates so as to 
bow the entire beam upward. This 
condition is shown in Fig. 4 (B). 

The foregoing seems to indicate 
that in a series of continuous beams, 
regardless of span ratios, an experi- 
enced designer may, with sufficient 
accuracy for all practical purposes, 
assign negative moment at the sup- 
ports and, with these moments, pro- 
ceed with the calculation of positive 
moments. This procedure would no 
doubt introduce a situation in which 


two designers, designing the same beam, would come up with different answers, 
both of them correct, since each would provide for a total moment of slightly 


Suppose we consider the condition in Fig. 5 and assume all beams to be 
the same size, a size ample for shear based on approximate reactions. Such 
shears are easily obtained by adding to the static shears 10 or 15 percent to 


The K value of the beam on the 10 ft 0 in. span is twice that of the beam 
on the 20 ft 0 in. span. This means that the short beam would have twice 
the resistance to rotation that the long beam would have. Actually, how- 
ever, the capacity of the short beam is dependent, in part at least, upon the 
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Fig. 5—Moments in continuous beams of unequal span 
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amount of reinforcement used, if we agree that M = A,f,jd. If the beam 
in the short span were of lesser depth than the one in the long span, the nega- 
tive moment at the supports, by moment distribution, would be less than 
it would be according to our original assumption, which was that all beams 
are the same size. But, in case of a shallower beam on the short span, we can 
assume a smaller moment at the supports and increase the positive moment in 
the long span, which is in agreement with the relations illustrated in Fig. 
1 to 4. The beam sections obtained from these moments would hold for the 
final design, and the amount of reinforcing steel would be close enough for 
an estimate. Therefore, instead of figuring stiffnesses and distributing 
moments for a preliminary design, we may assign a reasonable negative 
moment to the supports and -proceed from that point. 


COMBINATIONS OF SPANS 


The combination of spans shown in Fig. 6 involves a bit more visualization. 
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Fig. 6—Conditions in unequally loaded unequal spans 
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Here full dead and live loads are on span AB, with no load on the other three 
spans. Unless the beam were anchored at supports C and D (anchorage is 
assumed at H#) the moment at support B would lift the beam off the sup- 
ports at C and D. If we apply at C a downward force sufficient to pull the 
beam down to the support at that point, it is obvious that tension would 
occur at the underside of the beam. 

Let us assume that, when the beams are forced back to their normal posi- 
tion, there is at C a moment equal to one-fourth the moment at B, and at 
D a moment equal to one-eighth the moment at B. This condition is shown in 
Fig. 6 (B). Now, suppose we place on the short spans a dead load equal 
to one-half the load on AB. Assigned negative moments of WL/12 are shown 
in (C), and the simple beam moments in (D). If all these moments are added 
algebraically, the curve of combined moments is as shown in Fig. 7. 

Fig. 8 shows moments obtained by moment distribution. Note that by 
the latter method the negative moment at B is very nearly WL/10, L being 
the long span. This coefficient is the one which would normally be employed 
in calculating the negative moment at B. In this instance WL/8 was used 
to illustrate an extreme condition. 


Fig. 7—Combined moment curve obtained by negative moment method 
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Fig. 8—Combined moments by moment distribution 
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The question may now arise regarding the procedure when the three short 
spans are not equal and are not one-half of the long span. Assume span 
BC to be 6 ft 0 in., CD 10 ft 0 in., and DE 8 ft 0 in. We may again assign 
to supports C and D respectively 4 and \% of the negative moment at B. 
But in calculating the dead load negative moments at supports C and D, 
by use of the coefficient WL/12, L should be 10 ft 0 in. for the moment at C, 
and 8 ft 0 in. for the moment at D. This is because the longer span CD 
reduces the positive moment at C. 


It will be noted that in Fig. 7 negative moments at supports B and D, 
and the positive moment at support C, are greater than those at correspond- 
ing supports in Fig. 8. But the positive moment in span AB of Fig. 8 is 
greater than the corresponding moment in Fig. 7; so that, when we con- 
sider economy of steel, there would be very little difference, and the final 
design would be largely a redistribution of the reinforcement. 

If the beam BC were considerably shallower than AB, we could place 
over support B an amount of top steel which would develop the compres- 
sive strength of the smaller beam. The resisting moment thus obtained 
would be the negative moment to use over support B. This would, of course, 
increase the positive moment in span AB. Negative moments at supports 
C and D could then be assumed as WL/12 (or any other reasonable coefficient), . 
and it would probably be found that the new conditions would produce no 

positive moment at C. But there 





should be some steel in the bottom of 





the beam at this point, and the mini- 
mum requirement would safely resist 
any positive moment which might 
develop. Here it should be observed 
that, with beam BC smaller than 





beam AB, no analysis, no matter 





how theoretical, could make _ this 
small beam develop more moment 
than it is capable of developing. 
Here we have the possible situation 
of the small beam definitely limited 
in both width and depth, in which 








case we would either have to assign 
to it a negative moment it could re- 
sist, or treat span BC as a simple 
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span, or admit that structural theory 














does not apply to such a condition. 











— : —" Obviously, to admit the latter would 


Fig. 9—Wind load on two-column bent be unrealistic. 
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WIND STRESSES 


Calculation of wind stresses in reinforced concrete frames is another oper- 
ation in which a lot of preliminary effort is wasted. Fig. 9 shows a two-column 
bent which must resist wind load. Suppose we assume that this bent has 
been adequately designed. There are moments and shears in all members. 
Now, suppose we add a bay on each side of this bent and produce a four- 
column bent under the same load as shown in Fig. 10. Can we reasonably 
say that the four-column bent, without any further distribution of moments, 
will not safely resist the wind load? If we conclude that the four-column 
bent is safe, does it not mean that a concrete frame will resist forces wher- 
ever there is strength to resist them? It is granted, of course, that the strength, 
or the capacity to resist moments and shears, must be distributed in some 
logical manner throughout the frame. 

There will be some rotation of all joints, however slight. But there will 
also be steel in all columns and beams resulting from vertical loads. If this 
steel has been proportioned on the basis of the most unfavorable position of 
live load, the moments in columns are not likely to be excessive; for, if the 
columns are designed for full dead load plus live load with permissible reduc- 
tions, they will have excessive strength when live loads are in the most un- 
favorable positions for beam moments, because at such times all live load 
is not on all floors simultaneously. Therefore, to provide for the slight rota- 
tion of joints, we may take the sum of the moments in the 8 joints of Fig. 9, 
divide it equally among the 16 joints in. Fig. 10, and reinforce the members 
accordingly. (Here the fixed ends of columns are considered as joints.) If 
greater accuracy is desired, the final design would result mainly in a redistri- 
bution of reinforcement. 
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Fig. 10—Four-column bent formed by addition of a bay to each side of structure in Fig. 9 
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Title No. 48-43 


Illinois Experimental Continuously Reinforced 
Concrete Pavement after Four Years” 


By J. D. LINDSAY? and H. W. RUSSELL 


SYNOPSIS 

Construction and design features of the experimental continuously rein- 
forced concrete pavement placed in Illinois in 1947 are described. The 
performance of the pavement up to an age of about four years is assessed 
with stresses in the longitudinal steel, frequency and width of transverse 
cracks, localized failures and general condition of the pavement being dis- 
cussed. Economic possibilities of this type of pavement are not considered 
because of insufficient service life. 


INTRODUCTION 

Contintfous reinforcement in concrete pavements is not a new idea. It 
was used as early as 1921 in the Columbia Pike experimental pavement 
near Washington, D. C. Outstanding examples of this type of construction 
since then are the Indiana experimental pavement, slope pavement at the 
Lake Mathews Reservoir in California and the canal lining in the aqueduct 
of the Metropolitan Water District of Southern California. 

Interest in this type of construction was revived recently largely through 
the efforts of W. R. Woolley, Bureau of Public Roads, through his paper 
“Continuous Reinforced Concrete Pavements Without Joints,” which first 
appeared in 1946 and was later published in Highway Research Board Pro- 
ceedings, 1947. In 1946 the Illinois Division of Highways decided to conduct 
an investigation of continuously reinforced concrete pavements, and in 1947, 
in cooperation with the Bureau of Public Roads, construction was started 
on the first of three proposed experimental pavements. Also in 1947, the 
New Jersey State Highway Department constructed two sections of pave- 
ment each approximately one mile long, having uniform thicknesses of 8 
and 10 in. and containing 0.90 and 0.72 percent of longitudinal steel, respec- 
tively. In 1949, the California Division of Highways constructed a test 
section 1 mile long, 8 in. thick, with 0.5 percent of longitudinal steel in half 
the length and 0.63 percent in the remainder. 


EXPERIMENTAL PAVEMENT 
The experimental pavement described in this paper is officially identified 


*Condensation of a paper presented at the ACI St. Louis Regional Meeting, St. Louis, Mo., Oct. 30, 1951. 
Title No. 48-43 is a part of copyrighted JourNaL or THE AmeRICAN Concrete InstiTuTE, No. 8, Apr. 1952, 
Proceedings V. 48. Separate prints are available at 35 cents each. Discussion (copies in triplicate) should reach the 
Institute not later than Aug. 1, 1952. Address 18263 W. MeNichols Rd., Detroit 19, Mich. 

t+tMember American Concrete Institute, Engineer of Materials, Illinois Division - Highw: ays, Springfield, Il. 

tAssistant Engineer of Materials, Illinois Division of Highways, Springfield, 
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as F. A. Route 12, Section 0-2, Fayette County. It is Just west of Vandalia 
on U. 8S. Route 40, which carries a large volume of traffic. It is estimated 
from origin and destination studies made in the vicinity of the project that 
the pavement carries 2250 vehicles per 24 hr., consisting of 1700 passenger 
cars and 550 commercial vehicles. Construction was started in September 
1947 and completed in May 1948. 

The experimental pavement is 22 ft wide and 29,493 ft or about 5! miles 
long, and is divided into eight test sections, six of which are approximately 
3500 ft long and two are about 4230 ft. The pavement contains no trans- 
verse joints except those separating the test sections and construction joints 
at the end of each day’s run. The reinforcing steel was carried across each 
construction joint so that it is continuous from end to end of each test sec- 
tion. The transverse reinforcing bars extended the full width of the pavement, 
creating continuous reinforcement in that direction also, and the customary 
center joint was omitted. The variables between test sections are thickness 
of pavement and amount of longitudinal reinforcing steel. 

Four of the sections are uniformly 7 in. thick and four have a uniform 
thickness of 8 in. These thicknesses, chosen somewhat arbitrarily, were 
thought most likely to give the desired performance within economic limits. 

The pavement was constructed directly over the natural soil as graded, 
without granular replacement or special subgrade treatment of any kind. 
About 90 percent of the pavement is on soils susceptible to pumping. 

Previous experiments indicated that 0.5 percent of longitudinal steel may 
be sufficient for proper performance, although the theoretical amount is about 
1 percent. For this project four percentages of longitudinal steel were used 
with each thickness of pavement; namely, 0.3, 0.5, 0.7 and 1 percent. These 
percentages, it was believed, provided sufficient range to establish the proper 
amount of reinforcement necessary to induce closely spaced transverse 
cracks and to keep them permanently closed under the action of the elements 
and heavy traffic. The distribution of the reinforcing steel in the various test 
sections is given in Table 1. Fig. 1 shows the assembled reinforcement. in 
one of the sections. 


PERFORMANCE OF PAVEMENT 


The pavement has been under close observation since its construction and 
much data have been collected. Since ‘the average age of the test sections is 
less than four years, no definite predictions can be made as to their ultimate 
performance. The data, however, show some highly significant tendencies 
and trends, which are of interest and worthy of consideration. 

Stresses in longitudinal steel 

Steel stresses are perhaps of greatest immediate significance because they 
give the earliest indication of the probable ability of the pavement to per- 
form satisfactorily. Successful performance cannot be expected unless the 
stress in the reinforcing bars remains below the yield point of the steel. If 
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CONTINUOUSLY REINFORCED CONCRETE PAVEMENT 





Fig. 1—Completely assembled reinforcement 


the stress exceeds the yield point, the bars will stretch, the cracks will be- 
come progressively wider and eventually the steel may break. Since it is 
possible that near maximum steel stresses may occur during the first winter, 
especially if the pavement is built during high temperatures, stress measure- 
ments can be of great significance. 

Stress was determined by means of SR-4 gages mounted on selected longi- 
tudinal bars in both the 7- and 8-in. sections which contain 0.7 percent of steel. 
The gages in both sections remained reliable only through the first winter 
following construction. The average maximum stress observed during that 
period in Section 3 (7-in. pavement, 0.7 percent steel) was 62,400 psi and that 
for Section 6 (8-in. pavement, 0.7 percent steel) was 42,000 psi. The yield 
point of the steel was approximately 69,000 psi. 

When these stresses were observed, Section 3 had been subjected to a 
seasonal decrease in slab temperature of approximately 70 F, and Section 6 
to only 45 F, which may be the principal reason for the considerable differ- 
ence between the stresses for the two sections. It is also interesting to note 
that the stress away from the joint was never higher than 10,000 psi, which 
indicates that as long as the concrete is structurally continuous it will carry 
a large part of the total stress. 


TABLE 1—DETAILS OF _ REINFORCING 
STEEL IN THE VARIOUS TEST SECTIONS* 


Thick- Longitudinal steel 
Section Length, | ness, — 

ft in. Size and spacing Percent 
1 3504 7 3¢ in. at 544 in. 0.3 
2 3504 7 Yo in. at 5% in. 0.5 
3 3504 7 5¢ in. at 64% in. 0.7 
4 3504 Ss 3% in. at 4% in. 0.3 
5 3504 7 8 16 in. at 4 38 in. 0.5 
6 3508 8 5% in. at 57 in. 0.7 - 
7 4233 8 34 in. at 5x% in. 1.0 
8 4233 7 3% in. at 64% in. 0 





*Transverse reinforcement consists of %-in. round 
deformed bars spaced at 12-in. centers in half of each 
section and at 18-in. centers in the other half. 
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Fig. 2—Effect of amount of longitudinal reinforcing steel on average transverse crack interval 
—T-in. sections 


Frequency of transverse cracks 

The theory of continuous reinforcement assumes that frequent transverse 
cracks will develop in the pavement. The behavior of all the test sections has 
been according to theory in this respect, numerous transverse cracks having 
developed early in each section and new cracks are developing continually, 

Fig. 2 shows the results of four surveys made to determine the average 
interval between transverse cracks in the four sections of 7-in. pavement. 
The most significant thing about these data is the very obvious relationship 
between crack interval and the amount of longitudinal reinforcing steel. 
It is clearly evident that the average crack interval increased as the amount 
of steel decreased, or the frequency of cracks increased with the amount 
of steel. The corresponding data for the 8-in. sections are very similar to 
those for the 7-in. sections. Fig. 2 also shows there was a decrease in the 
erack interval, or an increase in the number of cracks, with each successive 
survey. 
Width of transverse cracks 

Of equal importance, and closely related to steel stress, is the width of 
transverse cracks which develop in a continuously reinforced pavement. 
For effective: performance the cracks must be narrow, preferably so small 
that they will not carry appreciable amounts of water to the subgrade. Crack 
width is a function of steel stress and the effectiveness of the bond between 
concrete and steel in the immediate vicinity of the crack. 
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Fig. 3—Effect of amount of longitudinal reinforcing steel on width of representative cracks— 
7-in. sections 

A comparison of the width of cracks is shown by Fig. 3 in which the average 
surface width of 60 representative cracks, measured with a microscope, is 
plotted for each of the four sections of 7-in. pavement. The chart shows 
that, in general, average crack width varies inversely with the amount of 
longitudinal steel, the cracks being widest in the 0.3 percent section and 
becoming progressively narrower as the percentage of steel increases. 

A study of measurements taken at different periods of the year shows 
that crack width varies seasonally, cracks generally being relatively wider 
in winter, when the pavement is contracted and the steel presumably is 
under greater tension, than in the summer, when the pavement is expanded. 
However, a matter of some concern is the fact that the representative cracks 
are becoming progressively wider with age and do not close tightly in the 
summer when the pavement expands, but appear to be remaining further 
open with each successive summer. 

This condition is also reflected by a progressive growth in the lengths of 
the various test sections and here also the effect of the steel is apparent, the 
growth being less for the sections with the heavier steel. 

Physical condition of pavement 

Generally speaking, the condition of the pavement is excellent and com- 
pares favorably with that of the ‘adjacent 415 miles of uniform 10-in. stand- 
ard pavement constructed as a part of the same contract. The standard 
pavement has a 6-in. granular sub-base, 78-lb wire fabric reinforcement, 
contraction joints at 100-ft intervals and metal center joint with tie bars. 





















Fig. 4—Looking east from Station 292+ 75 showing excellent pavement beyond localized 


failure 


Transverse cracks in the experimental pavement are for the most part 
invisible to motorists, even when traveling at moderate speeds. The pave- 
ment surface is smooth and has unusually good riding qualities. There is 
none of the rhythmic thud and pitching motion often experienced on pavements 
with closely spaced joints. 

Since the pavement was built without a center joint, longitudinal cracking 
has developed, as expected. This cracking naturally does not coincide with 
the centerline of the pavement, but follows an irrégular path, meandering as 
much as 3 ft on either side of the centerline. At several locations there are 
two approximately parallel longitudinal cracks, and at one place there are 
three. These cracks are noticeable only when one drives slowly. There is no 
apparent difference in longitudinal cracking where the 34-in. transverse bars 
are spaced 12 in. on centers and where they are 18 in. on centers. It does 
not appear that the longitudinal crack will be objectionable unless its width 
increases or it develops unsightly spalling. 

Some failures were expected, since, to establish the minimum steel for 
proper performance, two sections were purposely designed with less steel 
than previous experience indicated might be adequate. Only two serious 
structural failures have occurred in the pavement so far, both being located 
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Fig. 5—Concrete patch placed at failed area shown in Fig. 4 


in the 8-in. test section containing 0.3 percent steel. They were highly local- 
ized and involved relatively small areas of pavement. 

The larger of the two occurred adjacent to a construction joint, about 5 
months after construction, and involved a length of about 8 ft in which there 
were four closely spaced transverse cracks. The failure became progressively 
worse, and in March 1950, the eastbound lane had developed to the con- 
dition shown in Fig. 4. Attention is called to the localized nature of the 
failure and that the pavement in the background is in excellent condition. 

The other failure involved two transverse cracks about 3 ft apart in the 
eastbound lane. Excessive deflection and pumping also occurred at this 
location, with resulting deep spalling of the transverse cracks. 

About May 1, 1950, the condition of the pavement had become so bad at 
both of these locations that it became necessary to remove the broken concrete 
and replace it with concrete patches. In neither case was it necessary to patch 
the westbound lane: Fig. 5 shows the concrete patch placed in the eastbound 
lane to repair the localized failure shown in Fig. 4. 
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SUMMARY 


The experimental pavement is not old enough to justify a definite con- 
clusion as to its ultimate performance but, based on its present behavior, 
it would appear that a properly designed continuously reinforced concrete 
pavement should give excellent performance. In view of the high steel stresses 
measured in 0.7 percent steel, it may be necessary to provide more steel than 
was indicated by earlier experiments. It also may be found that continuous 
reinforcement, while it may be a factor in controlling pumping, cannot by 
itself economically solve this problem and, therefore, it’ may be necessary 
in future experiments to revise the design accordingly. Perhaps over-all 
performance would be improved by a combination of continuous reinforce- 
ment and a thin granular sub-base. These possibilities should be studied 
in other projects. It is interesting to note in this connection that in 1951 
the Texas Highway Department constructed a continuously reinforced pave- 
ment 8 in. thick, with 0.7 percent of steel, on 8 in. of granular sub-base on the 
Fort Worth Urban Expressway. 

In the final analysis the criterion by which this type of construction is 
judged will be an economic one. Whether pavements of this type are practical 
will depend on their original cost, service life and the cost of maintenance. 
In other words, will it give more and improved service for the money ex- 
pended than other types of pavement. 

A study of the contract unit prices for the experimental pavement and the 
adjacent standard pavement, built under the same contract, show that the 
contractor bid approximately the same unit price for the 7-in. pavement 
with 0.7 percent steel, the 8-in. pavement with 0.5 percent steel, and the 
standard 10-in. mesh reinforced pavement with 6-in. granular sub-base. 
Neither the experimental nor the standard pavement has required much 
maintenance to date and, of course, no estimate can be made at this time of 
the probable service life of the various test sections of continuously rein- 
forced pavement. It appears that further study and additional experimental 
projects will be required before the question of economics can be answered. 











































Title No. 48-44 


Effects of Temperature Changes on Concrete as 
Influenced by Aggregates* 


7 By STANTON WALKER,+ D. L. BLOEMT and W. G. MULLENt 


SYNOPSIS 


Summarizes tests of concrete and mortar exposed to water and air tempera- 
tures ranging from 40-140 F with varying rates of change in temperature. 
Changes in length, weight, dynamic modulus and flexural strength were 
measured on specimens containing several different fine and ccarse aggregates 
having thermal coefficients of expansion ranging from relatively low to rela- 
tively high. Principal findings of the tests were: thermal coefficients of ex- 
pansion of concrete and mortar containing different aggregates varied approxi- 
mately in proportion to the thermal coefficient and quantity of aggregate in 
the mixture; an approximation of the thermal coefficient of expansion of 
aggregate may be made from determinations of the thermal coefficients of 
concrete of varying proportions; changes in temperature were destructive 
to the concrete with sudden changes being much more severe than slower 
ones; and concretes having higher coefficients of expansion were less resistant 
to temperature changes than concretes with lower coefficients. No relation- 


=. a 





, ship was found between resistance of concrete to temperature changes and 
. differences between thermal coefficients of aggregates and mortar. 
INTRODUCTION 


Thermal properties of concrete and its ingredients appear to bear some 


) not-well-defined relationships to the durability of concrete. It has been sug- 
f gested that differences in coefficients of expansion of ingredients set up stresses 
- which contribute to disintegration.!?:* However, such relationships as have 
] been suggested do not appear to be firmly enough supported to warrant 


application to individual combinations of materials. Effects of thermal 
properties have been: difficult to evaluate because of the influence of other 
factors. 





This paper deals with a limited investigation of concretes and mortars 
subjected to slow and rapid changes of temperature in air and in water. A 
range in thermal properties was produced by the use of different aggregates 
and proportions. The data furnish good information on coefficients of ex- 
pansion of concrete made with varying proportions of different aggregates. 
They indicate that quick changes in temperature are destructive and that 


*Presented at the ACI 48th annual convention, Cincinnati, Ohio, Feb. 1952. Title No. 48-44 is a part of 
the copyrighted JourRNAL oF THE AMERICAN ConcrRETE Institute, V. 23.1 No 8, Apr. 1952, Proceedings V. 48. 
Separate prints are available at 50 cents each. Diseussion (copies in triplicate) should reach the Institute not later 
than Aug. 1, 1952. Address 18263 W. McNichols Rd., Detroit 19, Mich. 

+Members American Concrete Institute, Director of Engineering and Assistant Director of Engineering re- 
spectively, National Sand and Gravel Assn. and National Ready Mixed Concrete Assn., Washington, D. 

tFormer Stepken Stepanian Research Fellow of National Ready Mixed Concrete Assn., University of Mary land, 
College Park, Md. 
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concretes having low coefficients are more resistant to such changes than 
those having high coefficients. No support is offered for the suggestion that 
differences in thermal coefficients of ingredients, within the range investigated, 
are of substantial significance to concrete durability. The investigation 
shows that an approximation of the thermal coefficient of either fine or coarse 
aggregate can be made from measurement of length changes with temper- 
ature of mortar or concrete. 


SCOPE OF TESTS 

The studies were in three principal parts: 

1. Effects of different temperature-change cycles on changes in length, modulus of 
elasticity, moisture content and flexural strength of concrete. 

2. Effects of quantity of fine aggregate in mortar and of coarse aggregate in con- 
crete on thermal coefficients, for different conditions of saturation. 

3. Comparison of resistance to temperature change of concretes made with a 
variety of aggregates differing as to thermal coefficient. 

Aggregates were selected to provide a significant range in thermal co- 
efficients. The cements were blends of four or five brands from the local 
market. Except where aggregate quantity was a variable, the concretes 
were proportioned to have a cement content of 514 sacks per cu yd and a 
slump of 3 to 4 in. The maximum size of coarse aggregate was 1 in. In the 
study of fine aggregate quantity, cement paste having a water-cement ratio 
of 0.4 by weight was used throughout with various quantities of different 
fine aggregates, the consistency of the mixture being allowed to vary. Where 
quantity of coarse aggregate was the variable, a mortar of fixed proportions 
(1:2.85 by absolute volume with water-cement ratio 0.52 by weight) was 
mixed with various quantities of different coarse aggregates, the consistency, 
again, being allowed to vary. 

Procedures for mixing, testing and curing concrete and mortar were those 
of the ASTM wherever applicable methods existed. Temperature changes 
were produced in thermostatically controlled air or water baths. In general, 
length changes were measured with a Whittemore strain gage between brass 
inserts 10 in. apart in the 3 x 16-in. faces of 3 x 4 x 16-in. beams. In a few 
cases, length changes of mortar were measured on 1 x 1 x 1134-in. bars in a 
vertical comparator. The modulus of elasticity was determined by dynamic 
methods in accordance with ASTM Method C 215-47 T. Moduli of rupture 
of 3 x 4x 16-in. beams were determined using third-point loading on a 15-in. 
span with a 4-in. depth. 

Details concerning aggregate grading and characteristics of aggregates, 
concrete and mortar are given in a thesis by W. G. Mullen.* 

In general three or more specimens were made for each condition. Repro- 
ducibility of results was satisfactory and only averages are shown in the 
tables and diagrams. Length changes were measured with a dial reading 
to 0.0001 in. over a 10-in. gage length. Therefore, a change of one division 
on the dial for a temperature change of 100 F represents a unit length change 
of 0.1 X 10-° in. per in. per deg F. 
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STUDIES OF DIFFERENT TEMPERATURE CHANGE CYCLES 


The investigation (Series J 41) of effects of different temperature-change 
cycles was made on four classes of concrete. These were normal and air- 
entraining concretes made with two aggregate combinations; (1) a nearly 
pure quartz sand and gravel, and (2) a crushed trap rock with a calcareous 
sand of glacial origin. These aggregate combinations represented, respec- 
tively, materials having relatively high and low thermal coefficients. The 
fine aggregates were similarly, although not identically, graded. The coarse 
aggregates were separated into different sizes and recombined to the same 
grading. 

A single batch of each class of concrete was mixed, from which twenty-four 
3 x 4x 16-in. beams were molded. Specimens from each class of concrete, in 
groups of three, were exposed to different temperature-change cycles as shown 
in Table 1. 

For all cycles except No. 6, specimens were exposed to the temperature 
indicated for either 7 or 17 hours, to conform with the working day—more 
than enough time in all cases to attain temperature equilibrium. Except 
for cycle No. 6, the specimens were cured for 35 days in a standard moist room. 
In the case of No. 6, only one class of concrete was used, non-air-entraining 
with quartz sand and gravel, and the curing period in the standard moist 
room was 96 days. 

Temperature-change exposures were continued through 35 cycles or until 
dynamic moduli of elasticity had been reduced 50 percent. All specimens 
were tested for flexural strength when temperature-change cycles were dis- 
continued. Control specimens cured under standard conditions were tested 
for strength and modulus of elasticity at the end of 35 and 96-day curing 
periods. 


TABLE 1—CHARACTERISTICS OF TEMPERATURE-CHANGE EXPOSURES (SERIES J 41)* 





Temperature-change cycle No. 











1 | 2 | 3 | 4 ot | 6 
Cooling cycle 
Medium Air Air | Water Air Air-water-air Water 
Final temp., deg F 0 “7 0 | 40 40 4 60 
Time, hours | 17 17 7 rf 31 j 2 
Avg. rate temp. ; | | 
change, deg F per min.¢ | 4 4 | 4 M9 My 1 
Heating cycle 
<a a - ae i wr OO OnE Ee ” i a a” 
Medium | Water | Air | Water | Air Air-water-air | Water 
Final temp., deg F 40 40 | 140 140 140 160 
Time, hours 7 7 | 17 17 | 41 2 
Avg. rate temp. | | | | | 
change, deg F per min.t | 1 4% | 4 | 1 | 1 | 1 





eS — ——————— — Sn 


*For all cycles except No. 6, change between cooling and heating phase involved transfer of specimens from 
one environment to other. For cycle No. 6, specimens remained in water bath, the temperature of which was 
alternately raised and lowered. . 

+Values are average time-rate of temperature change at center of specimen. For cycles 1 through 5, actual 
rates of change were higher at beginning and lower at end of exposure period and were different at different depths 
below the surface of the specimen. For cycle 6, rate of change was essentially uniform and sufficiently slow so 
that temperature differences within the specimens were small. 

tSequence of exposure as follows; air at 40 F, water at 40 F, air at 40 F, air at 140 F, water at 140 F, air at 
140 F and repeat. 
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Table 2 shows the effects of the several exposures all of which, of course, 
caused changes in length with temperature. Exposure 3, which involved 
rapid temperature changes over a range of about 100 F, was the only one 
which caused serious distress in the concrete. Exposures 1 and 2, in which 
the temperature passed through the freezing point, caused essentially no 
residual length changes and little reduction in dynamic modulus or flexural 
strength of the concrete. Exposure 4, which consisted of air temperature 
changes over a range of about 100 F, caused a slight shrinkage of the con- 
crete and some increase in flexural strength but had rio appreciable effect 





on the dynamic modulus. 
as well as heating and cooling, 


Exposure 5, which involved wetting and drying 
caused no appreciable residual length change 





but did produce small reductions in dynamic modulus and flexural strength. 
Exposure 6, which involved gradual temperature changes in water over 


range of 100 F, 


8 percent and flexural strength 17 percent in the single type of concrete 
z.e., normal concrete with quartz aggregates. 
shows thermal coefficients of expansion and contraction of the 
Thermal coefficients were 


tested, 
Table 3 


a 


caused no significant expansion but reduced dynamic modulus 


four classes of concrete for the six exposures. 


te 


affected by the type of temperature-change cycle as well as by the class of 


concrete. 








| Coeff. 








TABLE 2—COMPARISON OF TEMPERATURE-CHANGE CYCLES (SERIES J 41)* 


Coefficients of normal and air-entraining concretes containing the 
same aggregates and tested under the same conditions were essentially the 


Nes: 


Total Coeff. Total Dynamic Modulus of 
Temperature Aggre- growth, expansion, | contraction, weight E, rupture, 
cycle gates} in. /in. per deg F per deg F change, percent percent 
x 10-4 x 10-6 x 10-6 Z origins al control 
1—40 F water, Quartz 0.2 7.55. 7.65 -—17 “99 88 
0 F air 
Trap 
Cale. 0.6 6.44 6.32 —14 95 S4 
Avg. 0.4 6.99 6.99 —16 97 86 
2 40 F air, Quartz 0.6 7.30 7.26 -33 101 104 
OF aw | 
Trap + 
Cale. 0.3 >. 38 5.52 —40 100 97 
Avg. 0.5 6.34 6.39 —36 100 | 100 
3—140 F water, Quartzt 5.4 6.44 556 +16 53 | 29 
40 F water | 
Trap + 
Cale. 6.2 4.51 4.12 +7 85 40 
Avg. 5.8 9.48 4.84 “+11 70 34 
a 140 F air, | Quartz —0.3 6.03 5.92 —60 98 109 
40 F air 
| Trap + 
Cale. —0.3 4.64 .78 —76 102 131 
| Avg. 0.3 5.38 5.35 —68 100 120 
5— 40 F v water-air, | Quartz 0: 2 6.18 6.14 39 92 86 
140 F air-water | 
and back | Trap + | 
Yale. 0.6 4.46 —3s8 98 | 95 
Avg. 0.4 5.30 —38 95 90 
6—160 F to 60 F | Quartz§ | 0.6 6.60 6.63 —13 92 83 


water 





*Specimens 3 x 4 x 16-in. concrete beams. 
subjected to exposure, except that concrete for exposure 6 was cured 96 days. 


All specimens cured 35°days in standard moist room before being 


3 air-entraining and 3 non-air-entraining. Specimens subjected to 35 cycles except as noted. 
{Quartz sand and gravel or trap rock coarse aggregate plus calcareous sand. 
Removed when Dynamic E£ reached about 50 percent. 


tFifteen cycles only. 
§Single type of concrete tested in cycle 6. 


All values average of 6 beams, 


| 
| 
| 
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same. Except in Exposure 3, where considerable residual expansions de- 
veloped, coefficients of expansion and contraction were essentially the same 
for given conditions. Accordingly, attention is directed to the value in Table 
3 which represents the average of normal and air-entraining concrete and of 
both expansion and contraction. 

The coefficients of expansion were significantly higher when determined 
within the range of 0 and 40 F than for the range from about 40 to 140 F. This 
may be in part because in the first instance the concrete was frozen and 
thawed, and in part because of the different ranges in temperature—about 
40 F as compared with 100 F. The two freezing and thawing cycles gave 
about the same values of thermal coefficient for the quartz aggregate combi- 
nation. In the trap rock combination, for reasons not apparent, the con- 
crete thawed in water gave a higher coefficient than that thawed in air. 

The three cycles above freezing and of a range of approximately 100 F 
(No. 3, 4 and 5) all gave about the same thermal coefficients. Exposure 6, 
which involved a slow change of temperature in water and which was made 
for the normal concrete with the quartz aggregate only, showed an inter- 
mediate thermal coefficient. 

As already pointed out, Exposure 3 which involved a rapid change in tem- 
perature over the range of about 100 F resulted in significant damage to the 
concrete. Table 4 and Fig. 1 and 2 summarize the results. 

It can be seen in Fig. 1 that the moduli of elasticity of the concretes made 
with the quartz aggregates were reduced quite rapidly—50 percent in about 
15 cycles. The concretes made with the trap rock and calcareous sand com- 
bination showed considerably better resistance to this rapid temperature 





TABLE 3—COMPARISON OF THERMAL COEFFICIENTS OF CONCRETE (SERIES J 41)* 

















































































































Coefficient of length change per deg F x 10-8 
Direction =|———_———_ ——_ — ,-—___—__—_— - - --- 
Temperature | of Quartz sand and gravel Trap rock + cale. sand 
cycle | length a ~_—— | —— :— —_——___—____ 
change Normal A-E Normal 
| cone, conc. Avg. cone, Avg 
1— 40 F water, Expansion 7.41 7.69 7.55 5.99 | 6.44 
6 F air | Contraction 7.39 7.92 | 7.65 5.75 6.32 
| Ayg. 7.40 7.80 7.60 5.87 6.38 
2— 40 F air, | Expansion 7.16 7.45 7.30 5.25 5.51 5.38 
OF air Contraction 7,12 7.39 7.26 5.59 5.44 5.52 
Avg. 7.14 7.42 7.28 5.42 5.48 5.45 
3—140 F water, _|- Expansion 6.49 6.40 6.44 4.54 4.48 4.51 
40 F water | Contraction 5.59 5.53 5.56 4.13 4.10 4.12 
Avg. 6.04 5.96 6.00 4.34 4.29 4.32 
4—140 F air, Expansion 5.97 6.09 6.03 4.56 4.71 4.64 
40 F air Contraction 5.90 5.93 5.92 4.75 4.82 4.78 
Avg. 5.94 6.01 5.98 4.66 4.76 4.71 
5— 40 F water to Expansion 6.18 6.19 6.18 4.50 4.53 4.52 
40 F air to Contraction 6.04 6.24 6.14 4.46 4.47 4.46 
140 F air to Avg. 6.11 6.21 6.16 4.48 4.50 4.49 
140 F water 
and back 
6—160 F to 60 F | Expansion 6.60t 
in water Contraction 6.63 | | 
Avg. 6.62 | | 
| 





*See Table 2 and text for details of tests. 
tSingle type of concrete tested in cycle 6. 
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NUMBER OF CYCLES 


change, their dynamic moduli having been reduced only 12 percent after 
35 cycles, when the tests were discontinued. Air entrainment appeared to 
have no significant effect on the results. All of the concretes developed fine 
map cracks after only 2 cycles and these increased in amount and size through- 
out the remainder of the test. From Fig. 2 it will be observed that this 
temperature-change cycle resulted in residual expansions and that these 
were greater for the quartz aggregate combination than for the trap-rock 
calcareous-sand combination. 

These data and those in Table 2 suggest that it is the rapid changes in 
temperature which are principally destructive. Table 2 shows no significant 
differences between the two aggregate combinations when temperature 


TABLE 4—EFFECT OF RAPID HEATING AND COOLING ON LENGTH CHANGE 
AND MODULUS OF ELASTICITY OF CONCRETE (SERIES J 41)* 











Cumulative growth, in./in. X 10-4 Dynamic modulus of elasticity, percent 





Quartz sand Trap rock + Quartz sand Trap rock + 


} | 
and gravel | eale. sand | and gravel | cale. sand 
| RE seen, eeubade aes ietilempemeiicin hicechinepenpensiindiatinictiaaiiicealagmbseiantatinieenas 
i | 
Cycles | Normal | A-E | Normal | A-ki | Normal | A-E | Normal A-E 
conc, cone, | conc, | conc, | cone. } conc, | conc, | conc, 
0 - — | 100 100 | 100 100 
1 0.0 0.0 0.0 0.0 | 100 100 | 100 | 100 
2 0.7 1.1 0.6 0.4 | 92 95 } 99 | 100 
3 | 1.6 1.6 Ben 0.8 | 87 | 90 | 98 99 
4 2.3 2.4 1.6 Baa 83 | 85 96 98 
5 2.9 3.2 2.0 1.4 - ~ 80 93 96 
10 4.9 4.3 2.8 2.6 58 58 | 90 | 92 
15 5.7 5.2 3.5 3.3 51 55 92 92 
25 5.8 5.0 | | 92 | 91 
35 6.6 5.8 | | 88 | 87 








*Specimens 3 x 4 x 16-in. beams, cured 35 days in standard moist room. Specimens alternately placed in 
water at about 140 F for 17 hours and in water at about 40 F for 7 hours. Each value average for 3 beams. 
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NUMBER OF CYCLES 


changes were relatively slow (Cycles 1, 2, 4, 5 and 6). Table 4 and Fig. 1 
and 2, on the other hand, show a very marked difference in the action of the 
two aggregate combinations as to residual expansion and reduction in modulus 
of elasticity for the rapid changes in temperature produced in Cycle 3. 

The coefficients of expansion in Table 3 appear to offer the best available 
explanation for these differences in resistance to the “shock” treatment 
given in Cycle 3. The thermal coefficient of the quartz aggregate concrete 
was about 7.4 X 10-* and that of the trap rock, calcareous sand concrete was 
about 5.9 & 10-° when determined in the 0 to 40 F range and 6.0 * 10-* and 
4.5 X 10-°, respectively, when determined in the higher range. That is to say, 
the quartz aggregate concrete had a thermal coefficient of expansion approxi- 
mately 30 percent, higher than that of the trap-rock calcareous-aggregate 
combination. 

This investigation offers little information on the effects of differences 
in thermal coefficient between coarse aggregate and mortar on resistance of 
the concrete to temperature changes. For both aggregate combinations, 
the coefficients of expansion of coarse aggregate, mortar and concrete were 
approximately the same. In the case of the quartz sand and gravel combi- 
nation, the thermal coefficients in millionths of an inch per inch per deg F 
were about 6.3 for the coarse aggregate, 6.1 for the mortar and 6.0 for the 
concrete. Corresponding values for the trap rock, caleareous sand combi- 
nation were 3.9, 4.5 and 4.5. In this case at least, differences in resistance to 
temperature changes appear to have been ‘caused by differences in thermal 
coefficients of the concretes themselves rather than to lack of similarity of 
the thermal coefficients of ingredients. 
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COEFFICIENTS OF EXPANSION AS AFFECTED BY PROPORTIONS 


It has been well demonstrated by many investigators that length, or 
volume, changes in concrete due to temperature are closely related to the 
volume change characteristics of the ingredients. It seems reasonable to 
expect that the thermal coefficients of length change of concrete or mortar 
will approximate the average of the thermal coefficients of the ingredients, 
weighted in accordance with their absolute volumes. If that is so, then order- 
of-magnitude determinations of the thermal coefficients of fine and coarse 
aggregates may be made from measurements on mortar or concrete of different 
proportions. 

This relationship was investigated. The mortars were made with a natural 
quartz sand, a crushed limestone sand and a crushed trap rock sand. Con- 
cretes were made with quartz gravel and crushed limestone, each being added 
to a quartz sand mortar and to a mortar made with the crushed limestone 
sand. In general, three rounds of specimens were made. The quartz materials 
were representative of fairly high thermal coefficients and the limestone and 
trap rock of fairly low coefficients. 

In the mortar tests, the fine aggregates were added to a cement paste of 
0.4 water-cement ratio by weight in amounts of 0, 20, 40 and 60 percent of 
the absolute volume of the resulting mortar. In the concrete tests, the 
mortars were proportioned 1 part of cement to 2.85 parts of fine aggregate 
by absolute volume with a water-cement ratio of 0.52 by weight. Each of 
the two coarse aggregates was used with the two mortars in quantities of 
0, 20, 40 and 50 percent of the volume of the resulting concrete. 


Specimens for the fine aggregate study were 1 x 1 x 1134-in. bars. Speci- 
mens for the coarse aggregate study were 3 x 4.x 16-in. beams. Specimens 
were moist cured at 70 F (the work schedule resulted in 44 days for the mor- 
tar specimens and 70 days for the concrete) and then subjected to 10 cycles of 
slow heating and cooling in water over the range of about 60 to 140 F. The 
rate of temperature change was about 14 deg F per minute. Average thermal 
coefficients were calculated from length measurements made at the maximum 
and minimum temperatures for each of the 10 cycles. 


The specimens developed no significant residual expansions, reductions in 
modulus of elasticity or other evidences of distress due ‘to the treatment 
just described. After that treatment, the concrete specimens were air-dried 
at 70 F for 57 days and then subjected to slow heating and cooling in air 
over about the same range of temperature (in this case from about 45 to 135 
F) for 10 cycles, with measurements being taken as before. They were then 
dried for an additional 195 days (15 at 70 F, 113 at 120 F, and 67 at 100 F) 
and again subjected to 10 cycles of slow heating and cooling in air. Since 
temperatures in the air chambers were controlled by means of a surrounding 
water jacket, relative humidity was necessarily high. Excellent agreement 
was found between measurements for companion specimens and during 
successive cycles for the same treatment. 
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TABLE 5—THERMAL COEFFICIENTS OF 
LINEAR EXPANSION OF SATURATED 
MORTAR BARS (SERIES 127A)* 





Fine | Coefficient of expansion per deg F X 10-* 

















_ 

percent po gg Mfd. limestone| Mfd. trap 
volume sa sand, rock sand, 
of mortar Lot : 2124 Lot 2241 Lot 2273 

ot 5 5.40 5.40 

20 5.8 4.67 4.73 

40 5 3.81 4.04 

60 5.7§ 3.33 3.73 

) 2.45 3.91 


100t 6.2 





*Specimens 1 x 1 x 1134-in. bars except as noted. 
All specimens made with W/C of 0.40 by weight. 
Specimens cured 44 days in standard moist room 
before ten daily cycles of heating and cooling in 
water. Each value is an average of 20 determinations 
on each of 3 specimens from separate batches mixed 
on different days. 

+Neat cement bars, no fine aggregate. 

{Coefficient for quartz sand represents values given 
in standard handbooks. Coefficients for limestone 
and trap rock determined during slow heating and 
cooling in water of prisms cut from the parent rock 
along 3 mutually perpendicular axes. 


The results of the mortar tests are shown in Table 5 and Fig. 3. Those 
for the concrete tests are shown in Table 6 and in part, in Fig. 4. The value 
of thermal coefficient of expansion shown for quartz, both fine and coarse 


aggregate, is one common in standard handbooks. Those given for the 
limestone and trap rock, both fine and coarse, were determined by direct 
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TABLE 6—THERMAL COEFFICIENTS OF LINEAR EXPANSION FOR CONCRETES IN 
DIFFERENT MOISTURE CONDITIONS (SERIES 127)" 





| | Coarse aggregate, percent volume of concrete 
| Moisture \-— — 


. ‘ ioe | | [ ies 
Coarse Fine | condition 0+ 20 40 | 50 100t 
aggregate aggregate | of concrete -— - — 
| | Coefficient of expansion per deg F X 10-6 
Quartz Quartz sand, Saturated |} 6.14 6.14 |} 6.24 6.22 
gravel, Lot 2124 Partially dry | 8.53 7.81 7.30 | 7.24 6.3 
Lot 2147 Oven dry | 6.79 6.59 6.35 6.32 
| | 
Crushed Quartz sand, | Saturated |} 6.14 5.13 4.33 4.02 
limestone, | Lot 2124 Partially dry | 8.53 6.20 4.53 4.28 2.45 
Lot 2241 Oven dry 6.79 5.23 4.12 3.71 
Quartz Mfd. lime- Saturated 3.98 4.47 4.84 5.08 
gravel, stone, | Partially dry 5.35 5.61 5.76 5.81 6.3 
Lot 2147 Lot 2241 } Oven dry 4.38 5.06 5.40 5.60 
Crushed Mfd. lime- | Saturated 3.98 3.78 3.58 3.42 
limestone, stone, | Partially dry 5.35 4.57 4.04 3.67 2.45 
Lot 2241 Lot 2241 | Oven dry 4.38 4.00 3.62 3.51 


*Specimens 3 x 4 x 16 in. be ams except as noted. Specimens made with mortar proportioned 1:2.85 by 
absolute volume with W/C of 0.525 by weight. Each value average of at least 10 determinations on each of 3 
specimens during slow heating Ae cooling cycles. 

+Mortar beams, no coarse aggregate. 

{Coefficient for quartz gravel represents values given in standard handbooks. Coefficient for limestone deter- 
mined during slow heating and cooling in water or air of prisms cut from the parent rock along 3 mutually per- 
pendicular axes. 


measurement of specimens sawed from the parent stone. They represent 
the average of measurements taken along three mutually perpendicular axes. 

It is apparent from Fig. 3 and 4 that aggregates affect the thermal co- 
efficients of mortar and concrete approximately in proportion to their quantity 
in the mixture. The extension of these curves to the abscissa representing 
100 percent aggregate gives values for thermal coefficient which agree reason- 
ably well with those determined by direct measurement on the rocks 
question. This supports the suggestion that the thermal coefficient of con- 
crete is approximately the weighted average of the coefficients of its ingre- 
dients. Further, it supports the thought that measurements on concrete 
and mortar can be used to make order-of-magnitude determinations of the 
thermal coefficients of aggregates. 

A comparison of the values for mortar given in Fig. 3 and 4 show that 
there are inconsistencies, probably resulting from the differences in speci- 
mens used—1l x 1-in. bars in one case and 3 x 4-in. beams in the other. 
Also, it should be noted that the smaller specimens-were moist-cured for 90 
days as against only 70 days for the larger ones. The data plotted in Fig. 4 
are for the saturated concrete since those values are most readily compared 
with data for the mortar. However, as pointed out and as shown in Table 
6, measurements were made for different moisture conditions. Thermal 
coefficients determined for concretes in a saturated condition and after 
thorough drying were in reasonably good agreement. Those determined for the 
partially dry condition were considerably higher, a phenomenon noted by 
other investigators.® . 

In spite of some very large differences in thermal coefficient between 
mortar and coarse aggregate, none of the concretes developed evidence of 
deterioration during the 30 cycles of heating and cooling. As shown in Table 
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6, thermal coefficient differences in excess of 6 & 10-® per deg F were found 
for partially dry concretes and as high as 3.7 X 10-° per deg F for saturated 
concretes. It appears that, for the relatively slow rate of heating and cooling 
employed in this phase of the investigation, the thermal coefficient of the 
concrete or its ingredients was not important. 


TEMPERATURE CHANGE EFFECTS ON CONCRETE CONTAINING 
DIFFERENT AGGREGATES 

Two groups of tests (Series 135 and 135B) were made to study the influence 
of various aggregate combinations on the resistance of concrete to both a 
fast and a moderately slow cycle of heating and cooling. 

In Series 135, combinations of 3 coarse and 2 fine aggregates were studied. 
The coarse aggregates were quartz gravel, crushed limestone and crushed 
trap rock and the fine aggregates were quartz sand and manufactured lime- 
stone sand—all used in earlier phases of the investigation. 


Three batches of concrete were mixed on different days for each aggre- 
gate combination. Two 3 x 4 x 16-in. beams were molded from each batch 
and cured to the age of 28 days in the standard moist: room at 70 F. One 
beam was then subjected to rapid heating and cooling in water through the 
range of about 40 to 140 F, specimens being transferred between water baths 
maintained at the two temperature extremes (Cycle 3, described earlier). 
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The second beam was exposed to heating and cooling at a slower rate through 
the same temperature range by gradual changes in temperature of a water 
bath in which the specimens were kept continuously immersed (Cycle 6A). 
This cycle was similar to No. 6, described earlier, with the temperature (over 
a slightly different range) being changed from about 40 to 140 F at the rate 
of approximately 1 deg F per minute. This has been referred to as a slow 
cycle which it is, relative to Cycle 3. However, it is much more rapid than 
would ordinarily be encountered in nature. 

Effects of the two exposures on the concretes are summarized in Table 7. 
As had been found previously, the rapid temperature changes of cycle No. 3 
were highly destructive regardless of which aggregates were used. The 
dynamic moduli of all concretes were greatly reduced and all developed ex- 
cessive expansions during their exposure, which was for 98 cycles or until 
dynamic modulus had been reduced about 50 percent. All specimens showed 
a reduction of 70 to 80 percent in modulus of rupture at that cycle when 
heating and cooling was discontinued. 

Fig. 5 and 6 show relationships between the thermal coefficients of the 
concrete and its ingredients and the resistance of the concrete to rapid tem- 


TABLE 7—COMPARISON OF RESISTANCE TO TEMPERATURE CHANGES OF 
CONCRETES CONTAINING DIFFERENT AGGREGATE COMBINATIONS (SERIES 135)* 













































































Coefficient of expansion per deg F X 10-¢ Modulus 
Fine Coarse |— f a No. Expansion, |Dynamic, of 
aggre- aggre- of in. /in. E, percent} rupture, 
gate gate Coarse Mortart | Concretet C, A.- cycles§ X 10-4** | original**| percent 
| aggregatet Mortar original** 
Cycle 3, 40 F to 140 F water (rapid) 
Quartz | Quartz | 6.3 5.8 5.8 +0.5 48 8.9 48 28 
sand Limestone | 2.4 5.8 3.9 —3.4 86 9.9 53 27 
Trap rock 3.9 5.8 4.6 -1.9 65 8.6 47 30 
Avg. 4.2 5.8 4.8 | —1.6 66 9.1 49 | 28 
Mfd. Quartz 6.3 3.6 4.4 +2.7 87 16.2 53 | 20 
lime- Limestone 2.4 |} 3.6 3.2 —1.2 98 9.8 72 26 
stone | Trap rock | 3.9 3.6 3.5 +0.3 98 13.8 64 29 
Avg. | 4.2 3.6 3.7 +0.6 94 13.3 63 25 
Quartz 6.3 4.7 5.1 +1.6 68 12.6 50 24 
Avg. Limestone | 2.4 4.7 3.6 —2.3 92 9.8 62 | 26 
Trap rock 3.9 4.7 —0.8 82 11.2 56 30 
| 
Cycle 6A, 40 F to 140 F in water (slow) 
| | 
Quartz | Quartz 6.3 5.8 5.8 +0.5 98 2.0 94 | 72 
sand Limestone | 2.4 5.8 3.9 —3.4 98 2.1 94 | 76 
Trap rock 3.9 5.8 4.6 -1.9 98 2 89 68 
Avg. 4.2 5.8 4.8 —1.6 98 2.0 92 72 
Mfd. Quartz | 6.3 3.6 4.4 2.7 98 3.1 102 75 
lime- Limestone 2.4 3.6 3.2 —1.2 98 1.5 103 100 
stone Trap rock 3.9 3.6 3.5 +0.3 98 1.5 103 | 101 
Avg. 4.2 3.6 3.7 +0.6 98 2.0 103 | 92 
| 
Quartz | 6.3 4.7 5.1 +1.6 28 2.6 98 74 
Avg. Limestone 2.4 4.7 ! 3.6 —2.3 97 1.8 98 88 
Trap rock 3.9 4.7 | 4.0 —0.8 98 1.8 96 84 
| ° 


























*Each value average for three 3 x 4 x 16-in. beams from separate batches of concrete mixed on different days. 

+See Table 5 for source of data. 

{Thermal coefficients of mortar and concrete determined in cycle 6A. 

§Exposure continued through 98 cycles or until dynamic modulus had been reduced about 50 percent. 
**After number of cycles indicated. 
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perature changes. It can be seen in Fig. 5 that there is no correlation between 
the rate at which the concrete deteriorated and differences between thermal 


coefficients of coarse aggregate and mortar. Fig. 6, however, reveals an ex- 
cellent correlation between the thermal coefficient of the concrete itself and 
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its resistance to the rapid temperature changes, resistance decreasing as thermal 
coefficient increased. The data suggest that rapid disruption of the concrete 
was caused by the large differential strains developed when the surrounding 
temperature was changed quickly. 

Table 7 shows that resistance of all concrete to slow temperature changes 
(Cycle 6A) was very much better than for the rapid changes (Cycle 3). 
There were no excessive residual expansions or reductions in dynamic modulus. 
There were, however, reductions of about 25 to 30 percent in modulus of 
rupture for all concretes except the two which had coefficients of expansion 
appreciably less than 4  10-° per deg F. It is interesting to note that such 
evidence of disintegration as there was manifested itself only in the four 
concretes having the highest coefficients of expansion and that there is no 
apparent correlation between disintegration and thermal coefficient differences 
between coarse aggregate and mortar. This is in the direction of supporting 
the trends noted for Cycle No. 3. 

Series 135B was similar to Series 135 with respect to testing procedures, 
but additional aggregates were included to give a more complete range of 
thermal coefficients of coarse aggregate and mortar. All combinations of 4 
fine and 4 coarse aggregates were investigated. The fine aggregates were 
natural quartz and calcareous sands (used previously) and manufactured 
granite and limestone sands (not previously used). In addition to the quartz 
gravel used earlier, chert gravel, crushed limestone and crushed granite 
coarse aggregates from new sources were included. The fine limestone’ and 
granite aggregates were from the same parent rock as their respective coarse 
aggregates. Apparently the new limestone had a higher thermal coefficient 
than the one used in the earlier tests with the result that no very large differ- 
ences between thermal coefficients of coarse aggregate and mortar were pro- 
duced. Nevertheless the data appear of sufficient interest to bear examination. 

Table 8 shows the effects of rapid temperature changes between 40 and 140 
F in water (Cycle 3). As was the case in the earlier tests, this cycle was 
highly destructive. All concrete, with thermal coefficients ranging from about 
4 to 6 X 10-° per deg F, had developed excessive permanent expansion and 
reduction in modulus of rupture when the tests were discontinued at 50 cycles 
or earlier. In general the concretes with the higher coefficients showed the 
greater reduction in modultis of rupture, but that was not true of residual 
expansion, where the limestone aggregate concrete increased most in length. 

There appears to be no very large nor consistent difference in the resistance 
to rapid temperature changes attributable to the various. aggregates per se. 
On the basis of expansion and modulus of rupture, the calcareous sand and 
manufactured granite fine aggregates gave about the same average results 
and were somewhat better than the manufactured limestone and quartz sands; 
on the basis of residual dynamic modulus, the calcareous sand was highest, 
manufactured limestone and granite about the same-and quartz sand lowest. 
Among the coarse aggregates there were no large differences among average 
expansions, dynamic moduli or moduli of rupture but the granite in general 
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TABLE 8—RESISTANCE TO RAPID HEATING AND COOLING OF CONCRETES 
CONTAINING DIFFERENT AGGREGATE COMBINATIONS (SERIES 135B)* 






































| l | Modulus 
c oefficient of expansion per deg F X 10-6 7 of 
Fine Coarse - —---- ——-- - —| No. | Expansion, | Dynamic,| rupture, 
aggre- aggre- C oarse Morte ar | Concrete C. A - | of | in./in. |#, percent) percent 
gate gate | aggregate mortar | cyclest X 10-*§ | original§ | original§ 
ooo —__—_—— — | ———— — —|— — _ —— —— | — — — ——— 
Quartz | Quartz 6.3 5.7 5.9 | +0.6 45 8.8 58 32 
sand Chert 6.4 5.7 6.0 +0.7 27 | 7.6 51 33 
Limestone 4.0 5.7 4.9 —1.7 | 47 | 15.0 51 36 
Granite 4.2 5.7 5.2 j —1.5 | 50 | 7.9 62 38 
Avg. 5.2 5.7 Ss | «85 | eT} 68 56 35 
Mid. | Quarts 6.3 4.2 4.9 | 42.1 50 | 7.4 62 37 
granite} Chert 6.4 4.2 4.9 | +2.2 | 650 | 6.1 62 44 
Limestone | 4.0 4.2 4.4 | —0.2 | 50 12.5 62 51 
Granite | 4.2 4.2 ea | 0.0 | 50 5.4 70) | 62 
Avg. 5.2 42 | 46 | 41.0 | 50 | 7.9 64 48 
Mfd. Quartz 6.3 4.3 | 4.7 | +2.0 | 50 15.0 63 35 
lime- | Chert 6.4 -4.3 4.9 +2.1 | 50 | 13.3 63 36 
stone | Limestone 4.0 4.3 | 4.3 —-0.3 | 50 | 14.4 68 33 
| Granite 4.2 4.3 | 4.4 —0.1 50 11.0 73 39 
| Avg. 5.2 4.3 4.6 40.9 50 13.4 67 36 
Calea- | Quartz | 6.3 4.5 | 5.0 } 86 41 
reous | Chert 6.4 4.5 | 5.1 | } 78 45 
sand Limestone 4.0 4.5 | 4.2 85 | 45 
Granite 4.2 4.5 4.4 92 | 54 
Avg. §.2 4.5 4.7 | 85 46 
| Quartz | 6.3 17 | 5.1 | 67 36 
Ave. Chert | 6.4 4.7 5.2 64 40 
| Limestone | 4.0 4.7 4.4 66 41 
| Granite | 4.2 4.7 4.5 74 48 
| J | 




















*Specimens 3 x 4 x 16-in. beams subjected to rapid heating and cosling | in water hewn 140 endl 40 F (Cc ycle 
3). Each value average of 3 specimens from separate batches of concrete mixed on different days. 

tValues for quartz and chert are from reference sources; those for limestone and granite determined graphic ally 
by method demonstrated in Fig. 4; values for mortar and concrete are from measurements ms ade on companion 
specimens in Exposure 6A (See Tz able 9). 


tExposure continued through 50 cycles or until dynamic modulus had been reduced about 50 percent. 

§After number of cycles indicated. 
gave slightly better performance than the quartz gravel, chert and limestone, 
all of which were about the same. 

Relationships of thermal coefficient characteristics of the concrete and its 
ingredients to resistance of the concrete to rapid temperature changes are 
shown in Fig. 7 and 8. These are based on moduli of rupture of the con- 
cretes after exposure, expressed as percentages of values for companion speci- 
mens tested after 28 days of moist curing. Fig. 7 reveals no distinguishable 
relationship between resistance to rapid temperature changes and difference 
between thermal coefficients of coarse aggregate and mortar. Fig. 8 shows 
a trend indicating that resistance becomes less as the thermal coefficient of 
the concrete increases. The trend, however, is not so well-defined as the similar 
relationship found in Series 135, discussed earlier. 

Data for the moderately slow heating and cooling cycle (No. 6A) are sum- 
marized in Table 9. In this phase of the investigation, as in earlier phases, 
the slower temperature changes were much less destructive than the rapid 
ones. Except for concretes containing the crushed limestone coarse aggre- 
gates, expansions in no case exceeded 0.05 percent during the 50 cycles of 
exposure. Reductions in dynamic modulus ranged from 2 to 26 percent 


and, in modulus of rupture, from 1 to 38 percent. 
On the average, concretes made with calcareous sand and manufactured 
limestone fine aggregates showed slightly less reduction in dynamic modulus 
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of rupture than those with granite or quartz sand. Average results for the 
coarse aggregates were all about the same except that the quartz gravel 
showed somewhat greater reduction in modulus of rupture and the crushed 
limestone greater expansion than the others. 

Plotting of the data from Table 9, as was done for the rapid cycle in Fig. 
7 and 8, again failed to reveal any relationship between resistance to temper- 
ature change and difference between coefficients of expansion of mortar and 
coarse aggregate. There was only a faint trend suggesting that resistance 
to the slower heating and cooling cycle was reduced as thermal coefficient of 
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TABLE 9—RESISTANCE TO SLOW HEATING AND COOLING OF CONCRETES 
CONTAINING DIFFERENT AGGREGATE COMBINATIONS (SERIES 135B)* 






















































































~~ ; Modulus 
| Coefficient of expansion per deg F X 10-®+ of 
Fine | Coarse | — No. Expansion, | Dynamic,| rupture, 
aggre-| aggre- Coarse C.A.- of in. /in. E, percent| percent 
gate | gate aggregate | Mortar | Concrete mortar cyclest X 10-4§ original§ | original§ 
Quartz | Quartz 6.3 | 5.7 5.9 +0.6 50 1.6 86 62 
sand | Chert 6.4 | 5.7 6.0 +0.7 50 1.5 88 77 
Limestone} 4.0 | 5.7 4.9 -1.7 | 50 8.1 74 65 
| Granite | 4.2 S7 | 632 —1.5 50 1.9 83 67 
Ave | 5.2 | 5.7 | 5.5 -0:5 50 3.3 83 68 
ase 7 a Seeciaes ‘Nannie a Saas 
Mfd. | Quartz 6.3 4.2 | 4.9 +2.1 50 2.6 81 72 
granite| Chert 6.4 4.2 4.9 +2.2 50 2.3 81 71 
Limestone 4.0 4.2 4.4 —0.2 50 7.5 74 74 
| Granite 4.2 | 4.2 4.1 0.0 50 1.6 85 | 79 
| Avg. 5.2 | 4.2 | 4.6 +1.0 50 8.5 =» | 7 
Mfd. | Quartz | 6.3 4.3 4.7 +2.0 50 3.9 90 63 
lime- | Chert } 6.4 4.3 4.9 +2.1 50 3.3 90 80 
stone | Limestone | 4.0 | 4.3 | 4.3 —0.3 50 5.5 92 97 
Granite | 4.2 | 4.3 4.4 —0.1 59 3.1 93 95 
Avg. 5.2 | 4.3 4.6 +0.9 50 4.0 91 84 
C: alca~ Quartz 6.3 4.5 5.0 +1.8 | 50 3.9 98 65 
reous | Chert 6.4 4.5 5.1 +1.9 50 1.9 97 95 
sand Limestone 4.0 4.5 4.2 —0.5 50 5.3 93 99 
| Granite | 4.2 4.5 4.4 -—0.3 50 2.2 95 98 
| Ave. 5.2 4.5 4.7 +0.7 50 3.3 9% | 389 
ptensaivail sinteitnpueteianiietabiiol Pe Sse cae Eee Heese. Men 
| 
| Quartz | 6.3 4.7 5.1 +1.6 50 3.0 89 66 
| Chert 6.4 4.7 5.2 +1.7 50 2.3 89 81 
Avg. Limestone | 4.0 | 4.7 4.4 —0.7 50 | 6.6 | 83 S84 
Granite | 4.2 | 4.7 4.5 —0.5 50 2.2 89 85 
| | | 











*Specimens 3 x 4 x 16-in. beams subjected to slow heating and cooling in water between 140 and 40 F; temper- 
ature change rate at center of specimen about 1 F deg per min. (Cycle 6A). Each value average of 3 specimens 
from separate batches of concrete mixed on different ways. 

{Values for quartz and chert are from reference sources; those for limestone and granite determined graphically 
by method demonstrated in Fig. 4. 

tAll specimens subjected to 50 cycles, then tested for flexural strength. 

§At end of 50 cycles. 


the concrete increased. In the interest of conserving space, these diagrams 
have been omitied here, but the data for them are available in Table 9 and they 
are reproduced in the thesis mentioned earlier.‘ 

The data from Series 135 and 135B lend support to the indications of 
earlier phases of the investigation. They suggest that laboratory cycles 
which produce rapid changes in temperature cause differential strains in 
concrete specimens which result in disruption and failure quite unrelated 
to potential field performance. The disintegration of concrete during rapid 
heating and cooling, and such tendencies as there were toward deterioration 
during slower heating and cooling, appeared more closely related to the 
coefficient of expansion of the concrete itself than to differences between 
coefficients of ingredients. 


CLOSURE 


The investigation described was not extensive enough, nor were developed 
relationships clearly enough defined, to provide conclusive evidence regarding 
the importance of thermal coefficient characteristics to the durability of con- 
crete. General indications, however, suggested that simple relationships 
among the thermal coefficients of concrete ingredients are not a reliable 
index of potential resistance to temperature variations. These principal 
findings may be summarized as follows: 
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1. A fast rate of temperature-change over a given range is much more destructive 
to concrete than a slow rate. This suggests that differential volume changes among the 
ingredients are not the primary cause of disintegration. 

2. The resistance of concrete to temperature changes appears to be more closely 
related to the thermal coefficient of the concrete itself than to differences between the 
thermal coefficients of ingredients. The trend was for concretes of high thermal coeffi- 
cient to fail more rapidly than those of low thermal coefficient. The relationship was 
not well enough defined to be used as a quantitative indication of potential resistance 
to temperature changes. 

3. Deterioration of concrete during temperature changes appears to result from 
strains set up due to differences in temperature within the mass rather than due to 
differences in thermal coefficients. The rapidity of temperature changes necessary to 
produce disintegration of concrete in these tests was much greater than would generally 
be expected in natural exposures, suggesting that coefficient of expansion of concrete is 
not an important consideration in evaluating potential durability. 

4. Coarse aggregates having thermal coefficients different from the mortar with 
which they were mixed caused changes in the thermal coefficient of the concrete 
roughly in proportion to the volume of coarse aggregate used. Similarly, fine aggregates 
affected the thermal coefficient of mortar approximately in proportion to their volume 
in the mixture. These relationships appeared sufficiently reliable to permit the approxi- 
mate determination of aggregate coefficients by measurements on concretes and mor- 
tars of varying proportions. 

5. Thermal coefficients of mortar and concretes were found to be greatly affected 
by condition of saturation. Coefficients of expansion for the saturated and oven-dry 
conditions were similar while those for a partially dry condition were considerably 
higher. 
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Title No. 48-45 


Bond Properties of Welded Wire Fabric* 
By ARTHUR R. ANDERSON? 


SYNOPSIS 

A wealth of information has been published on bond between concrete 
and bar reinforcement, but little is known about the bond properties of welded 
wire fabric reinforcement. Welded wire fabric is widely used as concrete rein- 
forcement, but bond properties have not been clearly established or specified 
in codes. 

The tests reported indicated that the bond stress theory as applied to 
smooth or deformed bars is not applicable to welded wire fabric. The latter’s 
resistance to slip is not a function of the contact area of the longitudinal wire in 
the concrete, on the contrary it is dependent on the anchoring ability of the 
transverse welded wires. The range of the sizes tested show that two welded 
transverse wires develop sufficient anchorage to develop the ultimate strength 
of the pulled-out wire. 


INTRODUCTION 


The tests were made under the sponsorship of the Wire Reinforcement 
Institute to determine the resistance to slipping of welded wire fabric when 
subjected to bending loads in concrete slabs or when pulled out of concrete 
blocks. 

Pilot tests were first performed on two 4-in. thick slabs with a 60-in. span, 
followed by tests of two 3-in. thick slabs with the same span, all loaded for 
bending. SR-4 strain gages attached to the welded wire fabric were used 
to determine the stress distribution in the steel which indicated that slip 
was effectively prevented by the welded transverse wires. 

Pull-out tests designed to measure the anchorage ability of the welded 
transverse wires were performed on 48 specimens consisting of various sizes 
of welded wire fabric embedded in blocks of concrete 3 in. thick, 15 in. wide 
and 14 or 20 in. long. Measured quantities were: pull-out load, slip at pull- 
out and free ends, and tension in the longitudinal wire between the two 
transverse wires. Samples of the fabric supplied for pull-out tests were tested 
for tensile strength and weld strength. 


MATERIALS 
Welded wire fabric 


The steel was supplied by a member company of the Wire Reinforcement 
Institute and met the requirements of the Standard Specifications for Welded 


*Presented at the ACI 48th Annual Convention; Cincinnati, Ohio, February 27, 1952. Title No. 48-45 is a 
part of the copyrighted JOURNAL OF THE AMERICAN CONCRETE INSTITUTE, 23, No. 8, Apr. 1952, Proceedings 
V. 48. Separate prints are available at 50 cents each. Discussion (copies in triplicate) pt. reach the Institute 
not later than Aug. 1, 1952. Address 18263 W. MecNichols Rd., Detroit 19, Mich. 

+Member American Concrete Institute, Partner, Concrete Engineering Co., Tacoma, Wash. 
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Steel Wire Fabric for Concrete Reinforcement, ASTM designation A 185. 
The fabric used for slab bending tests was No. 2 wire, 0.2625-in. diameter, 
spaced 6 x 12 in. The average tensile strength of this wire was in excess of 
90,000 psi. Fabric for the pull-out tests ranged in size from No. 00, 0.331-in. 
diameter, with a tensile strength of 84,000 psi to No. 6, 0.19-in. diameter, 
with a tensile strength of 95,000 psi. The specified minimum tensile strength 
for welded wire fabric is 70,000 psi, and the specified minimum yield strength 
is 56,000 psi. 
Concrete 

Concrete having a 5-in. slump was machine mixed and rodded when placed 
in the molds. The proportions were Type I portland cement—94 lb, Long 
Island sand, 0 to No. 4—240 lb, Long Island gravel, No. 4 to 34 in.—280 
lb, and mixing water—5.75 gal. The average 28-day compressive strength of 
the concrete was 3350 psi. 


TEST SPECIMENS 
Slab bending tests 


Four slab specimens 34 in. wide and 66 in. in over-all length were cast 
(Fig. 1). The reinforcing mats were welded wire fabric with No. 2 wires 
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spaced 6 x 12 in. The first pair of slabs were 4 in. thick, with the longi- 
tudinal wires placed at a depth of 3 in. One of these slabs (pilot test slab) 
was divided at the midspan section by a pair of 2 x 2-in. angles. Line con- 
tact between the angles was provided by placing a Yin. diameter drill rod 
between the angles, in the plane of the top surface of the slab. This arrange- 
ment had three purposes; first, it provided a cleavage plane exactly through 
the midspan section of the slab; second, the tension in the longitudinal wires 
of panel A was readily determined from the simple leverage system of 
loading; and third, the system of loading closely simulated a pull-out test 
for the longitudinal wires. The other two slabs were cast with a thickness 
of 3 in., with the longitudinal wires placed at a depth of 2 in. Both slabs 
were loaded for bending, one with a concentrated load at the center, the 
other with loading applied equally at the third points, of the 60 in. span. 
The latter system of loading placed all the welded joints at the ends of the 
center panel, panel A, under the maximum bending stress. 


SR-4 type A-7 strain gages were attached to the wires at the locations 
indicated in Fig. 1. The gages were Duco cemented to the wire as shown in 
Fig. 2, and held in place during drying by wrapping with several turns of 
fine thread around the gage. After making the soldered connection to the 
gage, the installation was covered with a paper sleeve and the space around 
the gage filled with Petrosene wax. Fig. 3 shows a welded fabric mat in the 
form with strain gages installed and ready to be embedded in concrete. 
Pull-out tests 

The 48 pull-out test specimens were cast in concrete blocks 3 in. thick and 
15 in. wide and consisted of three specimens of each of 16 combinations of 
wire size and spacing. Nine combinations used a transverse wire spacing 
of 12 in., with a concrete specimen length of 20 in., and seven combinations 
having a transverse wire spacing of 6 in., and a concrete specimen length of 
14 in. An SR-4 strain gage was applied to the middle longitudinal wire 
of each specimen to measure the amount of pull-out tension transmitted 


Fig. 2—Method of application of SR-4 gages 
to wire 
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Fig. 3—Strain gage installation 
on welded wire fabric for bending 
test 








beyond the first welded transverse wire (Fig. 4). The dimensions of the 
welded wire fabric in the pull-out tests are given in Table 1. 


DISCUSSION AND ANALYSIS OF TESTS 
Slab bending tests 


Slab bending tests were made on the loading frame shown in Fig. 5. A 
60-in. simple span was used for all four test slabs, with one end of the span 
supported on a round bar. The slabs were loaded by means of a hydraulic 
jack. To measure the jacking load, a bar with attached strain gages served 
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TABLE 1—PHYSICAL PROPERTIES OF WELDED WIRE FABRIC, PULL-OUT TESTS 


Wire size Tensile Weld Weld strength 
Series L, strength, strength, Tensile strenath 
No. in. psi psi 
Longitudinal Transverse percent 

1 2 2 12 87,500 77,300 SS 

2 2 i 12 87,500 71,200 81 

3 2 6 12 87,500 61,000 70 

4 2 8 12 87,500 40,500 16 

5 6 6 i2 95,000 90,000 95 

6 6 8 12 95,000 79,500 S4 

7 00 0 12 84,000 47,000 56 

8 00 2 12 84,000 43,000 51 

9 00 4 12 84,000 39,000 46} 

10 2 2 6 86,500 81,100 94 

11 2 6 6 86,500 70,500 Sl 
12 6 6 6 93,000 88,300 95 

13 6 Ss 6 93,000 65,200 70 

14 00 0 6 84,000 49,500 59 

15 00 2 6 84,000 49,900 59 

16 00 4 6 $4,000 37,900 45 


as a force indicator. The 4-in. slabs were loaded with a single concentrated 
force at the center of the slab. The first 3-in. slab was loaded at the center, 
and the second was loaded at the third points with equal concentrated loads. 
Strain reading were observed for each 500-lb increment of load. These first 
three slabs were loaded to destruction, fracturing the concrete and longi- 
tudinal wires at the middle of panel A, the midspan section. The strains 
indicated by gages in panel A exceeded the readings of panels B, C, and D 
by a ratio greater than the ratio of bending moment, suggesting that the 
welded intersections of the fabric prevented the longitudinal wires from 
slipping in the concrete. After loading to destruction, the concrete was 
removed and examination of the fabric showed all welds to be in perfect 





Fig. 5—General arrangement for bending test 
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condition. The fourth slab was loaded at the third points so that all of panel 
A and parts of panels B and C were included in the: zone of maximum bending 
stress. Thus the welded intersections of the two middle transverse wires 
with the six longitudinal wires were subjected to the maximum tension stress 
in the longitudinal wire. Two transverse cracks formed in the slab when the 
total applied load reached 1.5 kips. The cracks appeared at the boundaries 
of panel A close to the two middle transverse wires of the welded fabric. 
From the strain measurements plotted in Fig. 6, it can be seen that the 1.5- 
kip load produced an average tension amounting to°26,000 psi for the longi- 
tudinal wires of panel A, at the same time producing an average tension in 
panels B and C amounting to 5000 psi. The difference in tension, 21,000 
psi, obviously was transferred to the anchorages provided by the transverse 
wires. As the load was increased, the tension stress difference between panel 
A and neighboring panels B and C continued to increase. At the 5-kip load, 
this difference amounted to 36,000 psi. At the same time, the tension differ- 
ence between panel C and panel D was 46,000 psi. The slab fractured at a 
total applied load of 5.5 kips. All longitudinal wires failed in tension with 
typical cup-cone fractures. Although the fracture zone ran across the slab 
in the vicinity of the boundary between panels A and B, every weld in this 
highly stressed region remained in perfect condition. The fracture of this 
slab is shown in Fig. 7. 





Fig. 7—Fractured section of bending test slab after loading to destruction. No welds 
failed in this test 
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Pull-out tests 

The pull-out tests were performed using a pair of small hydraulic jacks 
coupled together with a short length of copper tubing to provide equal lifting 
force to each jack. A short beam attached to the heads of the two jacks 
contained the wire grip. The grip transmitted the load to the beam through 
a load cell utilizing electric strain gages. Dial indicators measured slip at 
both the pull-out and free ends. The test set up is shown in Fig. 8. 

The slip resistance of welded wire fabric embedded in concrete is not 
proportional to the contact area between the steel and concrete. It is de- 
pendent on the ability of the welded transverse wire to provide anchorage. 
The concept of bond stress as determined by the investigations on plain and 
deformed bars would thus result in a fictitious bond-slip relationship of 
fantastic proportions. To illustrate this point, the curves of Fig. 9 were 
plotted. The values plotted were taken from measurements on pull-out 
test specimens of welded wire fabric embedded 14 in. in concrete. The curves 
show that for a slip of 0.005 in., bond stresses would range from 1000 psi 
to 2700 psi for smooth bars! The author denotes this concept for welded 
wire fabric as a psuedo bond stress. 

A rational approach to the slip resistance of welded wire fabric in concrete 
requires a consideration of the efficiency of the welded transverse wires in 
anchoring the fabrics to the concrete. Thus the most important variables 


a 


Cee” 





Fig. 8—General arrangement of 
pull-out test 
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are the size ratio between the transverse and longitudinal wire of the fabric 
and the quality of the weld connecting them. Approaching the problem from 
this point of view, it is necessary to determine the quality of the welds from 
samples of the fabric furnished for each test specimen. Thus the transverse 
wire of each sample is securely clamped in the jaw of a device called the 
“Carlton-Fitzpatrick Weld Tester.’’ The force required to pull the longi- 
tudinal wire away from the welded transverse wire is measured, and com- 
pared with the tensile strength of the longitudinal wire recorded in Table 1. 
Note that the weld shear strengths for equal sizes of longitudinal and trans- 
verse wire ranged from 88 to 95 percent, and that for fabric having transverse 
Wire six sizes smaller than the longitudinal wire, it was as low as 45 per 
cent of the tensile strength of the longitudinal wire. 


In the pull-out tests, three measurements were recorded as a function of 
the pull-out load: (1) slip at the pull-out end, (2) tension in the longitudinal 
wire between the first and second transverse wire, and (3) slip at the free end. 
No free-end slip developed in specimens having transverse wires of equal 
size or two sizes smaller than the longitudinal wire. Only when the trans- 
verse wire was four sizes smaller than the longitudinal wire and the pull-out 
load approached the ultimate strength of the longitudinal wire did free-end 
slip start. When the difference was six sizes, the free-end slip began at an 
average pull-out level of 75,000 psi. Slip at the pull-out end was less dependent 

_on the size ratio of the transverse and longitudinal wires up to pull-out ten- 

sions of 40,000 psi, however, at the higher load levels, the larger transverse 
wires offered greater resistance to pull-out slip. ‘The effect of transverse 
wire spacing was relatively unimportant, the main difference being a slightly 
greater pull-out slip at higher stresses for the 12-in. spacing. 
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The most interesting 90 — 
measurements were the Vf eee tT 
strain readings obtained 80 oA Pai . 
from the gages attached to y/V 
the embedded longitudinal s/, 
wire between the first and 
second transverse wire. 
These measurements indi- 
cated that for fabric having 
transverse wires equal in 
size to the longitudinal 
wires or 2 sizes smaller, no 
tension was transmitted be- 
yond the first welded trans- 
verse wire until the pull-out 
tension reached 40,000 psi. 
When the difference was 








~ 
(e) 
“Vo 
™s 





o 

Q 
Ss 
~s 


ui 
, ad Ten, 
p 


BSS 
(e) 
~SLi 








w 
+ 





four wire sizes, the first 





~ 
p 
_— 


welded transverse wire pre- 
vented transmission of ten- 
sion up to a pull-out ten- 
sion level of 33,000 psi, and 
for a six wire-size differ- / 
ence, 18,000 psi. The slip fe) 

and transmitted tension c 10 i. See on 50 60 


data are summarized by TENSION BEYOND FIRST WELD- KSI. 
curves in Fig. 10 to 13. 
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Pa: ‘ : Fig. 10—Average slip and tension beyond first weld for 
The tension transmitted — fabric having transverse and longitudinal wires of equal size 


beyond the first welded 
transverse wire is closely related to the wire size ratio. These data are best 
summarized by the curves in Fig. 14. 

These curves show that at the maximum design stress level, namely 30,000 
psi, the first welded transverse wire offers 100 per cent anchorage for the longi- 
tudinal wire against slip up to four wire-size differences. For six wire-size 
size differences, the first welded transverse wire is capable of 82 per cent 
anchorage at the 30,000 psi stress level. 

Of the 48 pull-out tests performed, all but two of the specimens failed in 
pure tension with well-known cup cone type of fracture (Fig. 15). The two 
weld shear failures occurred in the No. 00 wire with No. 4 transverse wire, 
and in both cases the pull-out load had virtually reached the ultimate tensile 
strength of the pulled-out wire before shearing the welds. The type of shear 
failure produced is shown in Fig, 16. 


SUMMARY AND CONCLUSIONS 


Welded wire fabric has slip-resisting properties proportional to the strength 
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Fig. 15—Typical cup-cone tensile failure of longitudinal wire in pull-out tests 


of the welded transverse wires. The term bond as applied to smooth or de- 
formed steel bars does not define the resistance to slipping of welded wire 
fabric reinforcement; anchorage is a better term, because it defines the function 
of the transverse welded wires which are responsible for resisting slip. 
Destructive load tests on concrete slabs reinforced with welded wire fabric 
demonstrated convincingly the mechanical anchorage qualities of the welded 
fabric. In every case, failures were pure tension, with all welds remaining intact. 
In the pull-out tests, slip and transmission of tension beyond the first 
embedded transverse welds were proportional to the size decrement between 
transverse and longitudinal wires. For decrements up to four wire sizes, the 
first welded intersection provided sufficient anchorage to prevent any trans- 
mission of tension beyond the weld for pull-out loads up to 30,000 psi. With- 
in the four wire-size decrement, two welded transverse wires proved capable of 
developing the tensile strength of the 
pulled-out longitudinal wire, and for 
the six wire-size decrement, seven out of 
the nine pull-out specimens developed 
the ultimate tensile strength of the 
pull-out wire, the two remaining spe- 
cimens failed in shear when the pull- 
out load had virtually reached the ten- 
sile strength of the longitudinal wire. 
From the results of the tests, the 
author concludes that no valid reason 
exists for requiring bond stress analysis 
of welded wire fabric reinforcement 
of the quality used in the tests. To 
guarantee proper anchorage, it there- 
fore would be necessary to select the 
appropriate size ratio of transverse to 
longitudinal wire, and to specify min- 


imum weld shear strengths. Fig. 16—Weld shear and scraping of longi- 
tudinal wire, pull-out test 
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Damage to civil engineer structures caused by 
the Imaichi earthquake (in Japanese) 

Sxunzo OKamoro and Kei1zasuro Kuso, Transactions, 
The Japan Society of Civil Engineers, No. 10, 1951, 
1951, 14 pp. 

A report on the investigation of the Imaichi 
earthquake which occurred Dec. 26, 1949. 
Deals mainly with damage to buildings, 
bridges and viaducts. 


Proceedings of the First U. S. Conference on 
Prestressed Concrete 
Prestressed Concrete Conference, Room _ 1-163, 


Massachusetts Institute of Technology, Cambridge~ 


39, Mass. 256 pp. $1.62 in United States, $1.71 to 
foreign countries 

Compilation of the 38 papers presented at 
the First U. S. Conference on Prestressed 
Concrete, August 14 to 16, 1951, of which 
ACI was a co-sponsor with other interested 
organizations. Papers deal with applications, 
materials, design and research pertaining to 
prestressed concrete. 


Industrial furnaces V. 1 
W. Trivxxks, John Wiley & Sons, Inc., New York, 4th 
Edition, 526 pp. $10.00 ‘ 

Incorporates recent scientific facts about 
heat transfer as well as present day design 
and operating principles and techniques. 
Contains sections on capacity, economy, 
thermal efficiency, strength and durability, 
and movement of gases in furnaces. Tables 
have been brought up-to-date and many of 
the statements have been clarified. All 
calculations and tables have been changed 
from gross tons to net tons, in accordance 
with current usage. : 


of Significant Contributions in Foreign and Domestic Publications 





Nine-story office building in London 
Concrete and Constructional Engineering (London), 

46, No. 12, Dec. 1951, pp. 359-363 

Reviewed by GLENN Murpny 

A new office building in St. Giles’ High 
Street, London, consists of a reinforced- 
concrete frame with brick walls. The 
columns and floor slabs were cast in place, 
while, in general, the beams and stair land- 
ings were precast. The building is 95 ft 
high and consists of four 48 ft 9 in. blocks 
separated by expansion joints. One roof at 
the first floor level involves two circular-arc 
reinforced concrete vaults each 36 ft wide; 
the remainder of the roofs are flat. Details 
of design and erection are given. 


Prestressed concrete tanks at Hartlepool 
Concrete and Constructional Engineering (London), 

. 46, No. 12, Dec. 1951, pp. 365-370 

Reviewed by GLENN Murpuy 

Five tanks used in the extraction of 
magnesia from sea water have recently been 
completed at the Palliser Works of the 
British Periclase Co. Two of the tanks have 
a capacity of 2,000,000 gal. each and are 
said to be the first prestressed concrete 
tanks to be completed in Great Britain. 
The tanks are from 30 to 150 ft in diameter 
and from 36 to 46 ft deep. The wall thick- 
nesses range from about 12 in. to 6 in. The 
Magnel-Blaton system of prestressing was 
used, and the prestress is such that the walls 
remain in compression for all depths of 
liquid. The prestressing procedure is de- 
scribed in detail. 


*A part of 1 righted JouRNAL OF THE AMERICAN Concrete IxstiTUTE, V. 23, No. 8, Apr. 1952, Proceedings 
V. 48. Address 18263 W. McNichols Rd., Detroit 19, Mich. Copies of articles or books reviewed are not available 
through ACI. In most cases they can be obtained direct from the original publishers. Address, when available, 
will be furnished by ACI on request. 
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Concrete structures and corrosion 
Leste H. Grirritas, Engineering (London), Dec. 21, 
1951, V. 172, No. 4482, pp. 775-777 
Reviewed by Aron L. 
General survey of the problems and 
methods of using protected reinforced con- 
crete for acid tanks and similar purposes. 
Linings discussed include sheet rubber, 
brick, and synthetic resins; a portland cement- 
sand-natural rubber latex mixture applied as 
a smoothing and bonding base course is also 


Mirsky 


described. 


Paint manual 


U. S. Bureau of Reclamation, First Edition, 1951. 
204 pp. For sale for $1.25 by the Superintendent of 
Documents, U. S. Government Printing Office, 
Washington 25, 'D. C. and the Bureau of Reclamation, 
Denver Federal Center, Denver, Colo. Attention: 841 


Included materials, techniques, and in- 
spection of painting of all types of struc- 
tural surface. Of particular interest is the 
brief discussion of paints for concrete walls 
and protective treatments for concrete floors. 
Dampproofing and waterproofing methods 
are also considered. 


The continuous deep girder (Der statisch un- 
bestimmt gela u. erte wandartige Trager) 
H. Bay, Beton-u Stahlbetonbau (Berlin), V. 46, No. 3, 
Mar. 1951, pp. 60-64 
Reviewed by Rupo.px Fiscau 

Deep girders with three or four supports 
are treated by the method of finite differences. 
Advantage is taken of the fact that the upper 
edge of a deep girder is practically unstressed. 
The results of photoelastic tests are shown 
to be in accordance with this theory. The 
author discusses further the practical design 
method, the reinforcement and _ different 
loading cases of this type of girder. 


Construction of a dock in Cheshire 


Concrete and Constructional Engineering, V. 46, No. 11, 
Nov. 1951, pp. 333-336 
Reviewed by GLENN Murpuy 


A 900-ft square dock is being built at 
Eastham, where the Manchester Ship Canal 
joins the River Mersey. The construction 
includes an approach lock 100 ft wide by 
807 ft long and a leading wall 730 ft long. 
The concrete walls for the lock and dock are 
over 50 ft high. The principal feature of 
the article is the description of the systems 
of sliding forms and braces which were 
developed and patented by the contractors. 
The structures were cast in 4-ft lifts. 
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Joint, crack, and undersealing materials 
Bibliography No. 12, Highway Research Board, 
Washington, D. C., Jan. 1952 

The problem of preventing the infiltration 
of water, silt, sand, and other materials into 
joints and cracks in concrete pavements has 
concerned highway engineers ever since such 
pavements first came into existence. Bib- 
liography 12, which consists of 122 selected 
annotated references dating from 1912 to 
1951, was designed .to readily acquaint 
engineers with the information available. 


The law of cement hardening as a function of 
time (La loi du durcissement du ciment en 
fonction du temps) 
J. M. Jaspers, Revue des Materiaux de Construction 
(Paris), No. 433, Oct. 1951, pp. 281-91 
Reviewed by Puiturr L. MeLvILue 

Hardening of cement 
physicochemical changes, the strength R at 
a given age i is given by R K log (1 
log t) + K'! where K and K' are parameters. 
This was verified experimentally up to 90 
days if R is known for at least 2 ages. Speci- 
fications were found to check the law except 
for German and ASTM (Types I and II) 
standards. 


resulting from 


Complexometric analysis of iron, calcium and 
magnesium in c ts and substances 
(Le dosage complexometrique du fer, du 
calcium et du magnesium dans les ciments et 
les substances analogues) 


F.Becker, Revue des Materiaux de Construction (Paris), 
No. 431-432, Aug.-Sept. 1951, pp. 248-53 
Reviewed by Puiu L. 





MELVILLE 


A chemical known as Complexion III is 
used for analysis of clinkers and cements. 
The product is the disodic ethylenediamine- 
tetracetate which is derived from amino- 
diacetic acid. Detailed chemical information 
is given for quantitative analysis which can 
be done in about one hour. Fourteen 
references are addended. 


Properties of plain and reinforced limerock 
concrete 
8S. L. Buae and D. A. Frrmaae, Proceedings, Highway 


Research Board, V. 30, pp. 217-231 

Reports test results on approximately 1800 
specimens of concrete in which limerock, a 
soft limestone common in Florida, was used 
as aggregate. Purpose of the tests was to 
determine the physical properties of limerock 
concrete in relation to conventional concrete. 
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Quantitative data are presented on bond, 
elasticity, thermal expansion, water require- 
ments, compressive strength, and ilexural 
strength. Also included are the results of a 
five-year performance survey made on an 
experimental limerock test road. 


Floor elements in prestressed concrete (Elements 
de plancher en beton precontraint) 
Rosert Bovurces-Manoury, Communication No. 

24, International Congress on Prestressed Con- 
crete, Ghent, Belgium, Sept. 1951. 11 pp. 

Deals with observations made in France 
on suspended floor elements and slabs of 
prestressed concrete which are produced 
industrially in several countries. After a 
description of the general characteristics of 
the two types of elements chiefly employed, 
the author discusses their practical use. 
Manufacturing methods are described and 
illustrated. 


Heat treated concrete 
P. Ciarxson, Engineering (London), V. 172, No. 4468, 
Sept. 14, 1951, pp. 345-346 

Reviewed by Aron L. Mirsky 


Investigations into the effect of steam cur-- 


ing, both high- and atmospheric-pressure, on 
strength of concrete of various mixes. 

Author concludes, among other things, that 
ordinary concrete may be successfully steam 
cured immediately after pouring, at an opti- 
mum pressure of 30 psi. The rate of initial 
temperature rise must be controlled to pre- 
vent cracking and obtain high strengths. 
However, steam curing reduces bond strength 
of reinforcing steel, necessitating mechanical 
bond. 


Apparatus for measuring the water-cement 
ratio of concrete . 
Concrete and Constructional Engineering (London), V. 
46, No. 12, Dec. 1951, p. 374 
Reviewed by GLENN MurpHy 

The device consists of a canister which is 
placed, open end down, in the freshly mixed 
concrete. A vibrator within the canister 
brings grout in contact with two electrodes, 
and the electrical resistance of the grout is 
measured. This value is compared with the 

value obtained from a batch having the same 
aggregate and the correct water-cement 
ratio. Differences of 0.05 in the ratio are 
discernible according to tests at the Building 
Research Station. 


Lateral loads on high arches 

Joun GranaM WELsH, Journal, oa of Civil 
Engineers (London), Dec. 1951, V. 36, No. 10, pp. 
— Reviewed by Aron L. Mirsky 

Calculation of transverse deflections and 
associated forces and moments in braced 
high open-spandrel arches. Effect of columns 
is taken into account. 

Method is essentially that of Melan and 
Moorman; author sets up tabular scheme 
for numerical solution. An example is given. 

This paper should be studied together 
with those by Michalos (ACI Journat, 
Jan. 1951) and Baron and Michalos (ASCE 
Proceedings, Jan. 1951, Separate No. 51). 


The factor of safety as applied to reinforced 
concrete design 
Perer JosepH CARROLL, Journal, eaten q Civil 
Engineers (London), Nov. 1951, V. 36, No. 9, pp. 
491-501 

Reviewed by Aron L. Mirsky 

Author suggests reducing factor of safety 
for dead load from 2.2 to 1.5 while retaining 
the 2.2 factor for live load, in cases where 
dead load is fairly accurately known. He 
proposes accomplishing this by using 68 
percent of the known dead load in calcu- 
lations. 

Suggestions are reminiscent of those of 
Boase (ACI JournaL, Feb. 1943, V. 39, 
pp. 277-296; Engineering News-Record, V. 
128, No. 19, May 7, 1942, pp. 785-787) who 
suggested using 70 percent of the dead load. 


Oceanographic instrument aids bridge engi- 

neers in pouring underwater concrete 

Wayne V. Burt and D. W. gene oa Civil Engineer- 
55 


ing, V. 21, No. 11, Nov. 1951, pp. 
Reviewed by Roszar E. Witpe 
Brief discussion of surface and subsurface 
temperatures in both sea and fresh water 
bodies and their relation to placing under- 
water concrete. To determine subsurface 
water temperatures in Chesapeake Bay for 
underwater concrete placement in piers for 
the new Chesapeake Bay bridge, a bathy- 
thermograph proved invaluable for easy and 
accurate determinations. Surprisingly, even 
when surface temperature was slightly below 
35 F (generally accepted safe minimum for 
placing concrete), that of subsurface waters, 
below about 20 ft, remained well above 35 
F. Thus concrete could be placed contin- 

uously at subsurface depths. 
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Comprehensive bibliography of cement and 
concrete—1 925-47 

FLoyp O. State, Engineering Experiment Station, 
Purdue University, Lafayette, Ind. 491 pp. $5.00 

Over 40,000 references to much of the 
world’s scientific literature on cement and 
concrete, covering the 23 years from 1925 to 
1947. References are listed by subject and 
a complete author and chronological index 
is presented. 

A partial list of the works consulted in 
the compilation includes Chemical Abstracts, 
British Chemical Abstracts, Chemisches Zen- 
tralblatt, Engineering Index, Industrial Aris 
Index, JouRNAL of the American Concrete 
Institute, Proceedings ASTM, Transactions 
ASCE, Zement, Handbuch der Zementliteratur, 
and Das Schrifttum uber den Baustoff Beton, 
seine Herstellung und Verarbeitung. 


The deformation of concrete 
E. FReysstnet, Magazine of Concrete Research 
(London), No. 8, Dec. 1951, pp. 49-56 

Attention is drawn to the lack of knowl- 
edge of the laws of deformation of concrete 
and examples are cited of slabs prestressed 
in two directions which have carried loads 
four or five times greater than those pre- 
dicted by classical computation without 
cracks being formed. * 

To explain these and similar cases, the 
author develops his theory of the consti- 
“‘solid- 
liquid”’ to which the laws of thermodynamics 


tution of concrete; that is a complex 


may be applied. This enables general laws 
to be formulated which explain known ex- 
perimental results and allow new ones to be 
predicted. In this way, shrinkage, creep, 
and—in general terms—elastic, plastic, in- 
stantaneous and time-dependent deformation 
of conerete are explained, as well as auto- 
genous healing of cracked concrete. Defor- 
mation of concrete in shear is also discussed. 


Designing for nuclear shielding 
H. M. Guten, Civil. Engineering, V. 21, No. 11, Nov. 
1951, pp. 51-53 
Reviewed by Rosert E. Witpe 
Basic design data for construction of cells, 
barricades, and other forms of personnel 
shielding from radioisotopes. It is generally 
necessary only to take into account the 
gamma radiation. Solution of such prob- 
lems can be divided into three steps, which 
are explained by the author. 


Curves giving thickness of concrete and 
lead required to reduce intensity of gamma 
radiation by factor of 10 are presented. 
Three example problems for thickness de- 
termination are worked, using lead as the 
shielding material. The same _ procedure 
can be followed to solve design problems 
where concrete is used for shielding. 


A contractor assays the specifications for Bull 
Shoals Dam 
Ross Wuire, Civil Engineering, V. 21, No. 11, Nov. 
1951, pp. 32-33 





Reviewed by Rosert E. Witpe 


A scrutiny of the actual cost of certain 
requirements of the plans and specifications 
for Bull Shoals Dam, and some suggested 
methods by which such costs can be reduced 
or eliminated on future projects. The author 
discusses costs and points out where savings 
could have been made in the project by 
revising such specification details as care 
and diversion of river, height differential 
limited to 20 ft, concrete lifts limited to 244 
ft, 5-day limit between successive lifts, 
refrigeration, and aggregates. 

A major item mentioned was aggregates. 
Use of a distant quarry for coarse aggre- 
gates and manufactured sand added an 
estimated $4,250,000 to the cost as compared 
to use of natural sand and nearby quarry. 
The items discussed by the author add up 
to a possible saving of $7,200,000 for the 
Bull Shoals project. 


Nomography and empirical equations 
Lee H. Jounson, John Wiley & Sons, Inc., New York. 


150 pp. $3.75 

Considers the factors involved in the con- 
struction of nomographs, emphasizing a 
step-by-step progress from elementary to 
more complex factors. A method is intro- 
duced for analyzing an equation and its 
variables before plotting in nomographic 
form to determine the best arrangement of 
scales. Another innovation is a discussion 
of the effect of scale arrangement on the 
accuracy of a nomograph. 

One chapter is devoted to the preparation 
of Z-charts for equations of three and four 
variablés. Discussed also are parallel and 
perpendicular index lines, concurrent scales, 
recurrent variables and combined nomo- 
graphs. 
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The second part of the book, empirical 
equations, takes up methods of curve fitting 
and curves of two, three and four constants. 

Numerous detailed examples and _ prob- 
lems for solution are provided throughout 
the book. 


Concrete cracking. Part Ill—Flow through 
hydraulic structures 
L. Borp_ Mercer, Commonwealth Engineer (Mel- 


bourne), V. 39, No. 4, Nov. 1951, pp. 143-146 

From a theoretical analysis of the flow of 
water through percolation paths in concrete 
structures, laboratory investigations, and 
field observations the author concludes that 
(1) routine permeability tests on laboratory 
specimens have little real value from the 
standpoint of permeability control of con- 
crete water-retaining structures, (2) it is 
more important to design and test the con- 
crete to reduce shrinkage than to produce 
a mix that will show a low coefficient of 
permeability in test specimens, (3) concrete 
used should be capable of being properly 
compacted with minimum segregation, (4) 
structural design must concentrate on mini- 
mizing internal and temperature stresses to 
avoid movement and cracking, and (5) 
practical aspects of the efficient treatment and 
grouting of construction and contraction 
joints are more important than theoretical 
considerations regarding permeability. 


Design of two-way reinforced concrete slabs 
by the theory of plasticity (Berechnung Kreuz- 
weise bewehrter Platten nach der Plastizitats- 
theorie) 
H. Craemer, Oesterreichische Bauzeitschrift (Vienna), 
V. 6, No. 3, Mar. 1951, pp. 46-49 

Reviewed by Rupo.pn Fiscuui 

Under the assumption that the lines of 
rupture are straight, the moment along a 
line is constant and of maximum value, and 
the shear forces are zero. If the lines of 
rupture are known, the ultimate moment may 
be found easily by the principle of virtual 
work. 

Two examples, solution of which by the 
theory of elasticity would be extremely 
laborous and involved, show the great ad- 
vantage of this method. The first example 
gives the solution for a rectangular slab 
with a uniformly distributed load, two ad- 
jacent edges fixed and the others unsupported. 
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The second example covers a triangular slab, 
fixed at the two short sides and unsupported 
at the hypotenuse, and loaded with a linear 
load along the hypotenuse. 


investigation of the suitability of Prepakt con- 
crete for mass and reinforced concrete structures 
Technical Memorandum No. 6-330, Waterways Ex- 
periment Station, Vicksburg, Miss., Oct. 1951, 
172 pp. $1.00 

Detailed description of an investigation 
designed to develop data on the suitability 
of Prepakt concrete for new construction 
work. A 72 cu yd block of low-portland 
cement content and a 15 cu yd reinforced 
concrete bridge pier of somewhat higher 
cement content were built. The study indi- 
sated that mass concrete having high strength 
and adequate durability can be made by 
the Prepakt method with a cement content 
of less than 2 bags per cu yd and that rein- 
forced concrete of good quality can be made 
by this method with a cement factor of 
approximately 4 bags per cu yd. Sixty-two 
figures illustrate the progress of the tests 
and the appearance of cores drilled from the 
test structures. An appendix describes tests 
to determine suitable sand grading for 
Prepakt concrete. 


Effect of mortar saturation in concrete freezing 
and thawing tests 

Toomas M. Wuiresipe and Haroip 8. Sweer, 
Proceedings, Highway Research Board, V. 30, 1950, 
pp. 204-216 

Based on laboratory freezing and thawing 
tests of 130 concrete beams from 31 batches 
of concrete, in which certain variables were 
controlled as closely as possible so that 
variations in durability could be related to 
variations in the water content and available 
air space in the mortar or paste component, 
authors conclude that when the paste-plus- 
air component has a degree of saturation of 
0.91 or greater the concrete will deteriorate 
rapidly. All specimens in this range showed 
rapid deterioration. 

All specimens with degree of saturation 
below 0.88 were highly durable although it 
is recognized that deterioration in this range 
may be caused by a variety of factors such 
as expansion of inferior aggregates, differ- 
ential thermal expansion of concrete com- 
ponents, hydraulic pressure from resistance 
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to flow of water, nonuniform distribution 
of freezable water, or adverse chemical 
reactions. 

Further conclusions are that investigations 
of factors such as different concrete materials 
or admixtures should be made with the 
degree of saturation about 0.80 so that 


results will reflect the influence of the 
variable being studied. 

Why Type Il cement? 

F. H. Jacxson, Proceedings, ASTM, V. 50, 1950, 


pp. 1210-1234 


Comparative performance of eight typical 
Type I and five typical Type II cements in 
four of the projects of the Long-Time Study 
of Cement Performance in Concrete which 
have been exposed to severe natural weather- 
ing for periods up to 8 years is discussed. 
Condition of the structures in these four 
projects indicate that, up to the present, 
there is little choice between the two types 
as regards the influence of cement on dur- 
ability. Greater differences were found 
between individual cements of both types 
than between the average values for each 
type. These facts indicate that, so far as 
the present indications of the Long-Time 
Study are concerned, Type II cement is not 
the answer to the problem of durability of 
concrete as affected by the cement. Con- 
cluding statement is that further research is 
necessary to determine to what extent 
variations in cement properties outside the 
range included in the present Long-Time 
Study program may affect durability. 


Some experiments on the compaction of 
concrete by vibration 
R. D. Davies, Magazine of Concrete Research (London), 


No. 8, Dec. 1951, pp. 71-78 

Describes studies of cubes of very dry 
concrete of mix proportions suitable for small 
prestressed beams were compacted by vibra- 
tion of various types, frequencies and ampli- 
tudes. Author concludes that (1) the 
effectiveness of vibration depends mainly on 
its acceleration, and not on the individual 
values of its frequency and amplitude; but 
very small amplitudes, about 0.002 in., are 
comparatively ineffective; (2) there is little 
to choose between vertical linear and hori- 
zontal circular vibration; vertical circular 
vibration is definitely better than either; and 
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(3) the effectiveness of vibration increases 
with its acceleration, probably up to at least 
20 g, but above about 12 g the increase is 
slow. 

The total work done on a particle at a 
given depth was found to be related to the 
density at that depth. A connection was 
found between equivalent depth of com- 
paction and the product of the amplitude 
of the beam and the number of vibrations 
per foot run. The depth of compaction 
increases with this factor but attains a 
limiting value, probably dependent on the 
concrete mix and the characteristics of the 
vibrator. It seems desirable, with vibrators 
designed to operate at constant acceleration, 
to operate them with a large amplitude and 
low frequency. 


Effect of SO; on the alkali compounds of 
portland cement clinker 
Terry F. Newkirk, Journal of Research, NBS, V. 5, 
No. 4, Nov. 1951, pp. 349-356 

Reviewed by C. C. Fisnpurn 

This investigation shows that the com- 
pound Na,0-8Ca0-3Al,0;, which is known 
to be one of the forms in which Na.O may 
occur in portland cement clinker, is unstable 
at clinkering temperatures in the presence of 
SO;. This compound reacts with SO; to 
form NaSO, and 3CaO-Al.0;. Any excess 
of Na2,O will remain as Na,O-8Ca0-3Al.03, 
become a. constituent of the clinker glass, 
or enter into solid solution with one of the 
other clinker components. 

In clinker compositions containing both 
soda and potash together with SO;, an 
alkali-sulfate phase is produced that contains 
both of the alkalies. For molecular ratios 
R.O/SO; greater than unity, a preferential 
reaction of the SO; with K,0 is indicated. 
Empirical relationships between the alkalies 
and the SO; of the cement mixture indicate 
that the alkalies first combine with the SO; 
in the approximate molecular ratio Kx0/Na20 
= 3 to the extent that the composition limits 
of the mixture permit. The composition of 
the alkali-sulfate phase for mixtures of vary- 
ing soda-potash contents with R.O/SO; 
molecular ratios equal to 1, 2, and 3 have 
been determined. Equations are developed 
for calculating the approximate composition 
of the alkali sulfate and the potential phase 
composition of clinker-type mixtures having 
other R,O/SO; ratios. 
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Why prestressed concrete? 
Leo H. Cornine, Civil Engineering, V. 21, No. 10, 
Oct. 1951, pp. 41-45 

Reviewed by Rosert E. Witpe 

Article based on paper presented by the 
author at the First U. S. Conference on 
Prestressed Concrete at Massachusetts In- 
stitute of Technology, August 1951. 

Briefly reviews aspects of prestressed 
concrete in answering three basic questions: 
(1) Does prestressed concrete result in better 
structures? (2) Is it more economical? 
(3) Does it save critical materials in time of 
emergency or conserve natural resources 
over a long period? The author notes that 
complete answers to these questions will not 
be found except through further research 
and actual construction. 

The author emphasizes the need for design 
specifications, even if only tentative, and 
predicts rapid progress in prestressing in 
this country if a design procedure and 
specification can be developed in the near 
future. 





Unique laboratory houses human centrifuge _ 
Sarkis M. Baapoyan, Civil Engineering, V. 21, No. 
11, Nov. 1951, pp. 21-24 

Reviewed by Rosert E. WitpEe 

Unusual design and construction problems 
were successfully solved in the erection of 
the Aviation Medical Acceleration Labora- 
tory, U. 8. Naval Air Development Center, 
Johnsville, Pa. The primary purpose of the 
centrifuge apparatus in the building is to 
study the effects of high accelerations on 
humans and to test equipment for high- 
speed aircraft and rocket projectiles. The 
equipment will develop a force of 40 G in 
6.85 sec.; the centrifuge mechanism weighs 
84,000 lb. P 

Since the action of the centrifuge device 
is rotational, it was decided to construct a 
circular building of reinforced concrete, in 
addition to a concrete foundation for the 
180-ton centrifuge motor. 

Conservative design of the motor founda- 
tion was necessitated by tremendous dynam- 
ic forces developed by the centrifuge. It 
was necessary that the concrete remain a 
solid mass without any cracking caused by 
great differences in temperature between 
interior and exterior during hydration of 
cement; the area of steel was 0.1 percent of 
the area of concrete. A base ring transfers 


the 2000 ft-kip torque from the motor into 
the foundation by shear keys, rather than 
directly by bolts. 

All areas in the building containing delicate 
instruments are shielded with copper from 
conductive and radiated electrical inter- 
ference. Typical protection is that in the 
centrifuge chamber where the walls are 
covered with sheet copper; the floor is simi- 
larly shielded except that there is a 3-in. 
wearing coat of concrete on top of the copper. 


Large reservoir designed for mining subsidence 
Concrete and Constructional Engineering (London), 


V. 46, No. 12, Dec. 1951, pp. 353-358 
Reviewed by Glenn Murpuy 

A feature of the 4,000,000-gal. reservoir 
being constructed for the Corporation of 
Nottingham is that it is designed to resist 
failure from anticipated settlement as coal 
is removed from below the structure. Ver- 
tical settlements of 3 ft and a mean gradient 
of differential settlement of 1 in 180 are 
expected. The reservoir, which is 230 x 220 
ft and 16 ft deep, is divided into 25 inde- 
pendent structural units each 46 x 44 ft. 
The units are connected only at floor level, 
where hinges are provided to permit relative 
rotation. The walls of each unit are inde- 
pendent and separated from the walls of the 
adjacent units by an initial gap of 4 in. 
Internal inspection chambers are provided 
at each wall joint. 

The structure rests on a 4-in. plain con- 
crete slab which in turn rests on a 10-in. 
bed of clay puddle. The latter is to reduce 
the stresses due to sagging, hogging, and 
horizontal movement of the ground. The 
floor consists of three thin slabs, so designed 
to increase flexibility and to reduce cracking. 


Earthfill dams (Les barrages en terre) 
C. Mauier and J. Pacquant, Eyrolles, Paris, 1951, 
340 pp., 2500 fr. 
Reviewed by G. L. BLancHARD 
This appears to be, to the reviewer’s 
knowledge, the first book published in French 
language entirely devoted to design and 
construction of earth fill dams. It must be 
pointed out that the authors have been 
guided and inspired by the works of American 
engineers and the ‘studies of prominent 
United States specialists of soil mechanics 
on this particular type of hydraulic struc- 
ture. Professor Terzaghi of Harvard Uni- 
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versity was kind enough to write an intro- 
duction to the book and has also made “in 
fine’? some very pertinent notations. 

The first chapter deals with the practical 
considerations leading to the choice of that 
type of dam, and the general requirements 
as regards the foundation subsoil, together 
with the incidental difficulties to be over- 
come. The second chapter stresses the 
necessity of providing adequate spillway 
structures designed to bypass the mass of 
the dam under the most unfavorable flood 
conditions. Equations and graphical methods 
are evolved, corresponding to various 
characteristics of the contemplated structures. 

The third chapter and the fourth deal with 
infiltrations and risk of seepage and leakage. 
Formulas and methods of adequate design 
are examined and justified through original 
mathematical analysis of the physical be- 
havior of the materials present. 

The extensive fifth chapter is devoted to 
soil mechanics considerations as regards the 
stability of earth slopes constituting the mass 
of the dam. The equations evolved lead to 
sound methods of design which will help 
eliminating risky and obsolete empirical 
The concluding chapter six 
deals with the selection of adequate con- 
stitutive materials and the description of 
practical construction methods. 


considerations. 


It may be worth noting that this book is 
the work of two members of the staff of 
scientists, technicians and engineers which 
are struggling incessantly and successfully 
in French North Africa to improve the living 
standards of rapidly increasing populations 
through engineering achievements, despite 
all difficulties arising from natural and local 
conditions. 


Applying basic engineering principles to 
concrete unit manufacturing 
M. W. 
1952, pp. 232-236 & 254 

Reviewed by DonaLtp M, AGRIMSON 


LovinG, Rock Products, V. 55, No. 1, Jan. 


Describes how recent developments in the 
use of semi-dry mixes, prestressing and cur- 
ing contribute to improved concrete units 
and structures; what has been said and done 
in the past has not been overlooked. Credit 
is given to men like Arthur N. Talbot, W. 
K. Hatt, F. E. Turneaure, M. O. Withey, 
Duff A. Abrams, and Harrison F. Gonner- 
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man, for their basic research in and develop- 
ment of reinforced concrete in this country. 

The reason why semi-dry concrete mix- 
tures have not been used extensively in 
this country is that equipment used to mix 
and place concrete is designed for the wet 
or plastic mixes. Semi-dry concretes must 
be mixed in a paddle-type concrete mixer. 
Mixing must be two stage—first, approxi- 
mately a two-minute dry-mixing period for 
the cement, sand, and aggregate; 
second, after adding the water the concrete 
should be mixed at least two minutes. 

The Rocla roller-suspension method is 
now being used in this country to produce 
water pressure pipe of reinforced prestressed 


coarse 


as well as reinforced concrete of conventional 
design. One concern processed concrete on 
this type of machine with compressive 
strengths ranging from 8200 to 11,300 psi 
from a mix having three sacks of cement 
per 9.789 cu ft of concrete. 

The Freyssinet process for producing pre- 
stressed pressure pipe is a complicated and 
expensive method; but concrete of extra- 
ordinary strength and density can be pro- 
duced by the use of it. Freyssinet conducted 
a test on a pipe, made under his process 
(shell thickness 1.97 in., 31.5-in. diameter, 
and 19.68 ft long) in which it was subjected 
to an internal hydrostatic pressure of 1000 
psi without leakage. 

Swedish methods and equipment designed 
to manufacture reinforced concrete piles 
are being used and widely accepted in this 
country. The Swedish external vibrators 
used by one concern were seen to consoli- 
date, in eight minutes, the semi-dry concrete 
in a master mold forming 14 x 14-in. x 1014- 
ft piles. The same cross-sectional dimension 
pile in 40-ft lengths was processed in less 
than an hour, using 10 external vibrators; 
this time covered the complete cycle of 
placing the vibrating, 
moving the master mold. 


concrete, and re- 
After observing concrete prestressing in 
this country and reading information from 
Sweden revealing the extensive and success- 
ful use in that country of prestressed struc- 
tural units of all kinds in more than 500 
industrial buildings, the author is firmly 
convinced that an extensive use of pre- 
stressing should be made in this country to 
alleviate the shortage of structural steel. 





